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Abstract 
In recent years, Egypt isn’t only experiencing one of its hardest fuel shortages and blackouts, 
with the country’s deficiency in supplying industries and communities with the needed power. 
(Kandil, Saadawi, Saeed, & Hassan, 2015) But also, in the last three decades the consumption of 
electric energy rate has increased on average 7% per year in Egypt. Hence, diversification of 
energy sources such as renewable energy technologies application is inevitable to satisfy the 
continuous demand on energy (El-Kholy&Faried, 2011). Egypt started initiating renewable 
energy strategy, which aims to rise the dependency on renewable energies up to 20% of the total 
energy production by 2020 (Kandil, Saadawi, Saeed, & Hassan, 2015). Thus, in this study, it will 
measure the impact of different solar electricity approaches “Feed in tariffs Vs. Net metering” 
for the highest residential electricity tier, to tackle the effect of each on spreading the 
implementation of solar energy in the Egyptian market. The pros and cons of each approach is 
examined in order to estimate which approach is the optimal for Egypt’s circumstances. 
Ultimately, the mathematical calculations showed very promising results in favor of net metering 
for householders in offsetting their electricity bills. Still, this study suggests some 
recommendations for the Egyptian net metering scheme to avoid other countries’ mistakes. 
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1. Introduction 
Egypt has witnessed electricity blackouts that have invaded the whole country in the past 6 years. It has 
badly affected Egyptians in conducting their daily life, in particularly, industrial and businesses sectors. 
Egypt suffers from offering a satisfactory volume of electricity through its main conventional energy 
resources, in particularly oil and natural gas, which deliver 95% of the total electricity production in 
Egypt. Studies show that, Egypt will face a deficit in meeting its electricity demand from these resources 
because of rapid utilization. Based on the Egyptian energy strategy for 2030, Egypt might be a net 
importer of oil and natural gas within ten years at the beginning of the third decade of this century. This 
contributes to further challenge for the Egyptian economy which will increase the burden of Egypt’s 
foreign currency shortage, plus the fluctuation of international fossil fuel markets (EgyptERA, 2014). 
On the other side, since July 2014, the Egyptian government declared the subsidy reform plan and its 
attempt on phasing out fuel subsidies within five years. The plan is to reduce electricity's subsidies to 
reach EGP 4 billion in 2017 and zero in 2018 (ahramonline, 2016). This plan has already impacted 
prices of goods, services, transportation and electricity. High electricity bills won’t only deteriorate 
businesses and economy sectors but actually it will swipe country’s’ employment and eventually 
country’s stability. Accordingly, the sustainability of businesses is questionable to overcome both; 1) the 
huge bills of electricity-energy and 2) fluctuation of energy abundance. 
Additionally, there are other vital accompanied problems apart from economic crisis, which are 
environmental and health problems. Power generation and transportation are the main carbon emissions 
sources in Egypt by a percentage above 40% of Egypt’s total carbon emissions. Egypt is ranked the 
second top carbon emitter, while Saudi Arabia is the first, in the Middle East and North Africa region. 
Egypt’s emissions are valued to be 318.2 million metric tons of CO2e (carbon equivalent). Moreover, 
Egypt’s emissions are expected to grow at a pace which will be faster than population growth, to be 
more than doubled by year 2030. Therefore, the best approach is to decrease the consumption of 
electricity in premises, while increasing reliance of renewable energy sources in generating electricity, 
specifically wind and solar energy (Richard et al., 2015). 
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In term of health, thermal power plants’ emissions are responsible for well-known chronic health 
impacts. Power stations produce sulfur dioxide (SO2) and nitrogen oxide (NOx) emissions which are 
main sources of air pollution in several areas along the world. Oil power plants produce sulfur oxide 
(SOx) emissions, which takes the form of sulfur dioxide (SO2). Atmospheric emissions of NOx similarly 
lead to the formation of the photochemical smog prevalent in urban zones which lead to a broad 
damaging effect in the respiratory system of all living organisms. It is well known that airborne particles 
cause vital concerns on health, visibility, climate, and human welfare at large. Particulate air pollution 
affects dangerously lung functions and respiratory system leading to increased hospitalizations (Hindy & 
Abdelmaksoud, 2016). It is estimated that air pollution kills on average 35,000 per year in Egypt, about 
4.5 out of 10,000 people dying because of air pollution.  Cairo conquered seventh position among the 
world’s deadliest cities for air pollution (Mada, 2015). 
In such situation, renewable energy (RE) projects could be considered as the salvation from such crucial 
problems that Egypt faces. Renewable energy could positively contribute to Egypt’s energy shortage, 
energy high prices, businesses’ insecurity, GHG emissions, unemployment and others. 
Although eliminating energy subsidies seems to be a dramatic move, however it paves the way for 
renewable energy entrance in Egyptian market including business and domestic premises. Investment in 
renewable energy offers a substantial potential for job creation, it is anticipated that investment in 
renewable energy creates massive new job opportunities provided through design, manufacturing, 
installation, operational services, and sales related to solar and wind systems. Adding to this, investment 
in solar photovoltaic electricity generation provides higher employment rates, between seven to eleven 
jobs per megawatt for a plant with an average capacity, compared to 0.27 to 0.95 jobs per megawatt in a 
coal burning plant and 0.25 to 0.95 in a natural gas plant (Al-Monitor, 2015). 
But until 2016, Egypt’s dependency on renewable energy, still is a big question mark. Renewable energy 
percentage in Egypt is still far beyond the actual requirement (20% of total electricity production to be 
from renewable energy), a serious effort is needed to shift Egypt from conventional energy consumption 
to renewable energy consumption.  The question is, if RE is the ultimate solution for Egypt’s main 
problems, why Egypt isn’t relying on renewable energy until now.  
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Taking into consideration, one of the oldest solar plants in the world was founded in Egypt in 1916 
which reveals that renewable energy isn’t a new topic in Egyptian market (Hamdy, 2014). Based on the 
solar atlas for Egypt, issued in 1991, Egypt has a distinguish position in the Sun Belt zone with direct 
solar irradiation ranging from 2000-3200 kwh/m2 /y, the sun shine exposure is for 9-11 h/day (Taman, 
2013). Egypt has suitable climate conditions for solar power use because of lengthy sun duration hours, 
rare cloudy days, low rainfall and high-constant sun radiation. Egypt has one of the highest potential for 
solar energy in the worldwide (Shouman & Khattab, 2015).  Despite of Egypt’s solar energy potential, 
the country is only producing 1% of renewable energy in primary energy consumption as stated in Fig 1. 
 
Figure 1 Egypt primary energy consumption in 2013 (Marcon, 2017) 
While on the contrary, Germany is producing up to 7.5% of the country electricity consumption from 
just solar energy, out of 38% from total RE electricity consumption, which has much less sun exposure 
than Egypt, as shown in Fig 2. 
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Figure 2 Percentage of renewable energy in Germany in 2015 (Energy Matters, 2017) 
This study aims to discuss and compare between feed in tariffs and net metering approaches in terms of 
generating electricity from renewable solar energy in the Egyptian market. Each approach has its own 
advantages, but still Egypt’s energy case needs to be taken individually based on key characteristics of 
Egyptian stakeholders in order to select the optimal one. The proposed study is to tackle the impact of 
each approach on implementing sustainability and concluding the most practical approach for Egyptian 
residents. 
1.1. Research question and hypothesis 
 
 Research objective 
To identify which of the solar energy schemes, feed in tariffs Vs. net metering, is more rewarding for 
residents in offsetting their electricity bills in Egypt. 
 Research questions 
- Should Egypt invest more in feed-in tariffs scheme or should be replaced by net metering scheme with 
further modifications tailored to the Egyptian context? 
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- Should the implementation of solar electricity be done at the source of power station or can be done at 
the end user side 
- Solar energy electricity can replace the conventional electricity in the Egyptian energy market or not 
 Hypothesis 
- FIT is the optimal solution for decreasing residents’ electricity bills 
- NEM offers the best solution for offsetting electricity bills 
- Banks savings is offering better return rather than investing in solar electricity system 
1.2. Sustainable development overview 
The extensive usage of the natural resources is leading to a gradual increase in the overall temperature of 
the earth’s atmosphere, which leads to natural disasters as; floods, droughts, and tsunamis etc. This is 
considered a big threat to human beings. That is why big entities such as governments and big 
associations started spreading awareness about this issue. The meetings such as Earth summit in 1992 
and Brundtland report of the world commission on Environment and Development in 1987 concluded 
that economic development must be achieved without affecting negatively the natural resources.  
This is considered the only way out of these impacts for the future generations. Other study for the 
United Nations 2002 assured the same point. The study concluded that the biggest obstacle now is 
meeting all the needs of all countries in the present moment without the depletion of resources for the 
natural resources that will dramatically affect lives of the coming generations. Here comes the 
importance of the TBL – Triple Bottom Line concept that is simply defined as: whenever in planning 
and implementing any goal it should be safe for the 3 pillars; environment, economic and the social part 
(El-Awamri, 2015). 
Nowadays, the concept of sustainable development needs to be translated into real action rather than a 
sole concept, in order to mitigate the environmental damage and the depletion of natural resources, 
while pursuing and achieving economic development (Hoppmann, Huenteler, & Girod, 2014). 
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1.2.1. Sustainable energy importance 
Having sufficient resources for energy is a significant sign for strong economies. It decreases goods and 
supply costs, thus it helps us to work from home and spending more time with our families instead of 
striving to pay the high cost of the power. The reason behind this importance of power comes as a result 
of what power is provided. It is a necessity for lighting, heating & AC, transportation and everything 
around us. There are many obstacles behind availing resources for sufficient energy. As a result, almost 
every year new rules are applied to overcome these obstacles. These rules have negative impacts, 
authorized people in the country need to have an accurate evaluation about the energy availability and 
energy needs to usage. They need accurate data to evaluate the new initiatives and technological 
revolutions such as plant genetic engineering for biofuel production. Decision makers need to realize the 
real figures about the energy and challenges to avail it abundantly. This will affect all factors of our lives 
and economy (IER, 2015). 
Accordingly, worldwide policies towards renewable energy are increasing day after day, many different 
policies are tailored in favor of developing and spreading the usage of RE technology (Hoppmann, 
Huenteler, & Girod, 2014). Governments have adopted many financial systems to promote RE in their 
countries’ energy mix without disturbing the electricity generation and without storming the stability of 
the economy. The world race towards RE is an attempt to exploit self-sustained secured energy and 
achieving economic development while reducing Green House Gases-GHGs (Pyrgou, Kylili, & 
Fokaides, 2016), GHGs are accumulation of Carbon dioxide, Methane, Nitrous oxide and other 
Fluorinated gases that capture the heat within the Earth’s atmosphere (US EPA, 2015). However, there 
have been always doubts regarding the optimal methodology in implementing sustainable source of RE 
(Pyrgou, Kylili, & Fokaides, 2016). Several sources explained that each country has different conditions 
in terms of economic, society and solar intensity, which influence the outcomes of PV deployment. 
Therefore, the differences among countries are significant in promoting renewable energies as a 
substitute for conventional fossil fuels. 
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2. Literature review 
There is a wide compromise that policy has a vital role in simplifying the sustainable transition towards 
more environmental energy. No one can deny the policy’s role in nurturing the transformation process 
towards sustainability. The readings declared that there is a huge link between policy and RE market 
diffusion. In which, PV market diffusion is likely to expand, as long as, there is stable, generous and 
long term policy supports the market (Antonelli & Desideri, 2014).  
However from the literature readings, there is complicated relationship between policy inducing 
technological change and socio-economic system, there is a complicated context among technological 
systems and interdependent parties as society and organizations. Most of times, policies lack a detailed 
comprehensive of this complicated relationship which hinders the policy’s ability in deploying RE 
technology (Ramírez, Honrubia-Escribano, Gómez-Lázaro, & Pham, 2017; Hoppmann, Huenteler, & 
Girod, 2014). 
In this study, a number of concerns are reviewed regarding the deleterious effect of applying either 
generous or tight incentives to enforce RE in the energy mix, as the core of the problems occurs when 
policy may not set proper prices for common distributed generation sources and government. The price 
could be either too high, leading to unreasonable demand, or to be too low, obliging regulators to raise 
the price till it becomes too high. Eventually, either way, no price equilibrium occurs in the market 
(Trabish, 2014). In other words, in order to sustain solar renewable sources you may need to provide 
guaranteed price, which on contrary, may lead to excessive public costs, therefore prices need to be 
elastic based on production supply instead of constant rate. On the other side, if price modification 
mechanism is introduced from the beginning, this may experience difficulties in sustaining policy 
stability because investors won’t be confident regarding any unanticipated problems or new information 
arises (Stokes, 2013). Hence, there is an urge to understand the complicated dynamics of technological 
systems while policy intervening to induce RE technology (Hoppmann, Huenteler, & Girod, 2014; 
Christoforidis et al., 2016), and how tariff schemes could impact both the diffusion of PV market and 
social welfare (Boero, Backhaus, & Edwards, 2016). 
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 2.1. Feed-in tariffs (FIT) Vs. net metering (NEM) programs 
 
There is a need to go through the most two dominant worldwide schemes that are used for promoting 
renewable energy in order to assess their pros and cons in details; 
I. Feed-in tariffs-FIT 
II. Net metering-NEM 
 
 2.1.1. Feed-in tariffs  
FIT is an incentive program that offers long-term contracts, usually from 10 to 25 years, to encourage 
investors to participate in generating electricity from renewable source to be sold on a premium fixed 
rate, to promote green renewable energy (Pyrgou, Kylili, & Fokaides, 2016). Different FIT plans have 
been created in order to tackle all different conditions in terms of market saturation, solar radiation 
intensity, and the percentage of solar energy diffusion into the electricity market. 
i. FIT in a form of percentage  
This is one of the oldest FIT forms which was originally initiated in Europe. This scheme is about 
setting a percentage of the electricity retail price. Accordingly, the price is dependent on a percentage of 
the market price. The percentage FIT plan allows the government to control the market growth. Yet, it 
doesn’t help in promoting solar energy market because it doesn’t guarantee cost recovery. Germany and 
Denmark stopped this scheme in 2000, and Spain in 2004 which were at the same year of FIT 
implementation in the 3 countries. 
ii.  FIT in a form of fixed price 
This system is the most favorable plan for investors, as it provides a constant superior price over a 
certain period of time without uncertainty risk, usually from 10 to 25 years. The system guarantees a 
superior payment, not dependent on the retail market price. Fixed FIT requires several factors to be 
screened carefully and continuously such as; 
 Inflation rate  
 Market maturity 
 Type of technology 
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 Quality of radiation for solar system sites 
 
iii. FIT in a form of Premium price  
This scheme provides a premium price above the electricity retail market price which is dependent on 
current electricity price (Pyrgou, Kylili, & Fokaides, 2016). 
2.1.1.1. FIT pros and cons 
 
FIT has proved to be the most optimal mechanism in deploying renewable energy. It provides long term 
stable contract for investors. In Europe, FIT showed a magnificent results in creating PV markets and 
endorsing PV technology, which helped in reducing the capital cost of solar panels installments, but this 
is likely to happen only when the FIT incentives are sufficient enough and stable. On the other hand, in 
the literatures, quite a lot of drawbacks exists in FIT systems such as high social cost and long term 
agreements effect. On a parallel side, regarding the effectiveness of FIT, some opinions agree that FIT 
can’t create sustainable market based on efficiency and competition. For example; when a long constant 
FIT contract guarantees a premium price while economies of scale contribute in reducing the investment 
capital, this will result in doubling the investors’ profits rather than offering the actual today price of the 
PV energy provided (Antonelli & Desideri, 2014; Christoforidis et al., 2016). In addition, there are fears 
that PV installations over-capacity could lead to electric grid instability in the absence of essential grid 
upgrading. In which, these updates require additional expenses that will eventually burden both 
economy and society (Boero, Backhaus, & Edwards, 2016). 
Accordingly it can be concluded, FIT is one of the successful worldwide systems in deploying RE 
market, specifically PV market. FIT always contributes on fast implantation of PV markets, subsequent 
by substantial growth of PV installations, which could be doubled if the capital cost decreased due to 
economies of scale. Afterwards, the system goes through several evolving stages before a complete 
suspension takes place, after causing social burdens and economic instability (Pyrgou, Kylili, & 
Fokaides, 2016).  
Some PV markets in Europe have exceeded 1 GW installations because of the FIT effect. Conversely, 
the future of the European solar powers is unclear, these markets are shrinking due to market instability 
and other negative outcomes. FIT is a double edged sword. In case of generous tariff, the deployment of 
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PV would increase, but likely at the expenses of society and economic stability. While in case of limited 
tariff, PV markets wouldn’t attract further investments and the existing markets would vanish gradually. 
To put it differently, once you reduce/eliminate the FIT incentives, all the positive outcomes would 
collapse while the FIT debits would remain. Eventually, FIT systems have collapsed in several countries 
such as Germany, Spain, Italy, Cyprus, and Denmark, because policies couldn’t take the right decisions 
at the right time. A vigorous timely policy is needed which can evolve towards the right track (Pyrgou, 
Kylili, & Fokaides, 2016). Policy makers need to look for several empirical techniques to address the 
socio-technical systemic problems that are likely to occur by introducing novel energy programs 
(Hoppmann, Huenteler, & Girod, 2014). 
2.1.2. Net metering (NEM) 
Net metering is a mechanism that let electricity users generate their own needed energy to offset partly 
or fully their electricity bill through self-consumption from RE source, with the possibility of selling the 
extra energy, if any, or could be utilized in other several ways based on the existing supportive policy in 
the country.  
Same as FIT, there are several schemes of NEM which is based on peculiarities of the adopted policy. 
For example, any excess in electricity (renewable energy credit-REC) could be;  
 Carried over for the following month  
 Granted to the grid without any compensation 
 Paid for at full retail, avoidance cost, or other rates (Poullikkas, Kourtis, & Hadjipaschalis, 2013; 
Christoforidis et al., 2016; Reiter & Greene, 2016). 
 
2.1.2.1. Worldwide NEM different systems 
 
A sample of different NEM forms adopted in several countries; 
 
 
1. Europe 
Only 5 countries in Europe implement different NEM systems which are; Belgium, Cyprus, Denmark, 
Italy and Netherlands. 
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 Belgium 
Belgium promotes NEM with maximum capacity 5kW and 10kW depending on the regions. Under the 
5kW capacity, the surplus of electricity that is poured into the grid is being compensated. Nonetheless 
under the 10kW capacity, any surplus aren’t subjected to any financial reimbursement. 
 Denmark 
In general, the Danish Public Service Obligation (PSO) imposes a remuneration on all electricity users, 
the amount varies according to the tier of consumption. Therefore, NEM systems are exempted partially 
or fully from the PSO’s remuneration based on the system capacity (PV systems above 50kW are fully 
exempted). 
 Italy 
At the end of 2007, PV systems between 20kW-200kW, the NEM users are accredited REC for any 
surplus to be consumed at any upcoming years. 
 Netherlands 
All NEM systems pay fees for being connected to the grid. 
2. Australia 
In several areas, NEM is treated as FIT in which any additional electricity are paid a premium rate above 
the retail rate. For example, since 2008- 2009, extra kWh is paid 3 folds higher than the electricity retail 
price in Victoria and Queensland states. 
3. Canada 
In Ontario, RECs can be carried over for 12 months for maximum capacity 500kW, any remaining 
RECs after this period will be granted to the grid without any compensation, and the same concept is 
followed in New Brunswick but up to 100kW. While on the other side, British Columbia and South 
Central British Columbia pays their NEM systems for extra RECs at the end of year.  
4. Thailand 
PV panels up 1MW capacity can sell the extra RECs at 80% of the electricity rate after covering the 
transmission cost (Poullikkas, Kourtis, & Hadjipaschalis, 2013). 
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2.1.2.2. Advantages of NEM 
 
The main advantages that distinguishes NEM from other policies; First, NEM policy isn’t restricted to 
limited scale of time.  Second, it still offers social justice allowing people to get their energy by 
themselves (Stoutenborough & Beverlin, 2008). NEM helps in decreasing/eliminating electricity bills 
for residents and business owners, without overloading electricity grid, and encourages citizens to 
produce their own electricity and export the surplus to the grid, entities as telecommunications and 
hospital industries, urge to obtain such systems as a reliable source of energy. 
The optimal NEM is to be elastic enough to offer various opportunities for the users to satisfy their 
energy needs, it is preferable to limit the NEM system capacity according to user’s average electricity 
usage, so the users can meet their energy requirements without burdening the grid by overcapacity loads. 
Also, NEM strategy should permit users to either carry over their extra RECs to the following month or 
to have financial compensation without subjecting extra surcharge to the society (Hanna, 2015).    
Currently, NEM has been acting as a main replacer for FIT especially in Europe, NEM sets prefect 
relationship between generation and consumption. The Gainesville Regional Utilities (GRU) program, 
the most pioneer and famous U.S. feed-in tariff, has come to the end. Bryan Miller, the president of 
“The Alliance for Solar Choice” stated FIT programs don’t guarantee sustainable durable market 
especially when people lose their jobs in solar industry once FIT programs end. It is true that FITs have 
enormously developed the solar industry in European market, specifically in Germany, but nowadays 
the over-payment for solar energy producers has a tremendous negative impacts in many European 
countries. 
 NEM has a good reputation of being durable public policy, this is why it is well placed in more than 43 
states in the United States (Trabish, 2014). Net metering offers fair policy for both parties, homeowner 
solar producers and utilities. The main concern against NEM system that NEM customers don’t pay for 
grid usage (Zach, 2013). 
Within FITs policy, solar producers are likely to produce substantial capacities to exploit their profit, 
with continuous decrease in solar costs, this would lead to grid and market potential problems. On 
contrary, “Net metering” allows producers to match only their electricity usage. NEM promotes self-
consumption approach, it is roughly 75% of electricity produced from NEM systems is consumed by the 
homeowner producers (Trabish, 2014).  NEM system helps in overcoming the overbuilding system sizes 
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which Germany has faced over the last years. Under NEM systems, solar producers who attempt to 
maximize their production of their roof as possible, won’t be able to do so as the production capacity is 
limited to the maximum energy use of that building (Zach, 2013). 
 2.1.2.3. NEM concerns 
 
One of the major misconceptions, it disturbs utility company’s profits when you adopt self-consumption 
NEM. If this is true, so it is better to eliminate energy efficiency concept in order to maintain electricity 
companies’ profit. Additionally, the entire residents must adopt self-consumption NEM system to have a 
serious effect, which is not likely to happen. Especially, when any NEM policy must be screened 
continuously to overcome any future hitches (Poullikkas, Kourtis, & Hadjipaschalis, 2013). 
Another concern, same as FIT, after experiencing continuous growth in NEM policies, several alarms 
have rang; NEM users are given inequitable benefits over Non-NEM users, this is likely to happen when 
Non-NEM users are entitled to pay their fixed electricity grid’s expenses plus NEM users’ expenses 
(Reiter & Greene, 2016). The concern against the NEM is the result of creating subsidies for solar 
owners at a cost paid by non-NEM customers. To put it short, NEM customers are producing energy 
through their solar panels, but they don’t pay for the grid services. Although, there is a cost of electricity 
grid services just as maintenance, transportation and distribution, this cost is shifted to non-NEM 
customer. For example, if a customer consumed electricity from the grid exactly what s/he produced, 
this means the customer would pay nothing. This will result in huge subsidy over the NEM solar system 
life cycle that lasts for 20 to 25 years, the cost of grid services is pretty huge and will be shifted to non-
NEM customers. Accordingly, all users must pay for grid services. 
In the light of what mentioned earlier, some modifications has taken place regarding NEM policies in 
United States to ensure the sustainability of private solar electricity projects in the past 3 years, such as, 
all customers must pay the cost of the grid services as long as they are connected to the grid including 
NEM customers. Consequently, state regulatory commissions agreed to set a monthly fixed charges for 
NEM customers to pay the cost of grid services (Wood, 2016). 
 Full retail Vs. avoided cost compensations argument 
 
It hasn’t escaped our notice that, electricity retail price consists of transmission, distribution and 
production costs, plus the fixed cost of serving electricity users. As a result, the main argument or debate 
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against NEM, at what price NEM users should be compensated? Should be compensated at a) full retail 
price, or b) avoided cost; the cost of producing electricity, or c) others  
I. Full retail price compensation offers outrageous generous value, while NEM users save the cost 
of electricity generation only. This won’t only affect the electricity companies’ revenues. But, will also 
burden other electricity users by subjecting them to other embedded costs while excluding NEMs, this 
will result in extra surcharge imposition on electricity customers (Hanna, 2015). 
Full retail rate comprises the expenses of maintenance and operations of both electricity’s transmission 
and distribution plus the energy production cost. Therefore, compensating NEM customers at full retail 
rate is perceived as substantial subsidy for NEM systems. It is understood that full retail rate equation is 
offering excessive benefits to NEM users, but it wasn’t foreseen that number of PV installations would 
boom specifically between “2008-2013” in the United States, mainly because of considerable reduction 
in PV cost. Conversely, this had led to huge drop in utilities’ profit on account of generous full retail 
compensation. As a consequences, utilities had to burden electricity customers as a way to offset their 
profit shortage. This shortfall in profit, for example, is amounted to $1.1 billion in merely California by 
2020 because of 2014’s NEM’s compensations. The damage could’ve been worsen, however, it has 
been lessen due to the limited capacity theory. Similarly in New York, community PV capacity had 
increased from 400 MW in 2013 to 2700 MW in 2016. Taking into consideration, the cost of community 
solar installations is 50% less than rooftop solar installations cost. Consequently, the gap between the 
full retail compensation and the cost per kWh of solar system is doubled (Reiter & Greene, 2016). 
In the light of the above, several precautions have been taken in the United States to mitigate the 
electricity surcharge, the most common approach is to raise the fixed electricity monthly fees. In 2015, 
61 utilities suggested to raise this constant surcharge on all electricity users in 30 different states, in 
order to offset distribution and metering expenses, which will drain poor customers. Eventually, it can 
be seen that full retail NEM is vicious social inequality, by fetching money from poor tiers who can’t 
afford building their own energy system, to more wealthy tiers who invests in NEM scheme.  
II. Instead, avoided cost compensation is getting more serious attention. Avoided cost represents 
only the cost of energy production, without including the expenses of neither transmission nor 
distribution. Logically, this scheme is making more sense than full retail compensation, as there is no 
rational reason to compensate the electricity surplus of NEM systems for transmission and distribution 
expenses while they only generate electricity and getting paid for grid services. 
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Still, some voices are in favor of full retail compensation to encourage the dissemination of solar PV 
capacity. Full retail compensation supporters argue that NEM schemes are already paying for 
distribution and transmission costs. This is likely to happen by stating the advantages and benefits of 
rooftop solar PV installations to electricity grid (Reiter & Greene, 2016); 
 
 It is important to know that a marvelous quantity of energy is being lost within the fuel 
electricity production process, mainly because of the heat and distance. For example; 2/3 of 
conventional fossil fuel are lost in the American fuel power stations. On the contrary, rooftop PV 
systems are characterized of having much shorter transmission distance (Hanna, 2015). 
  Home-owners’ solar panels act as dispersed small power stations that generate electricity on the 
behalf of utilities companies. These panels support the grid with electricity during the peak time 
(day time). Likewise, residential power stations can offer a crucial role in reinforcing the grid’s 
distribution specifically in rustic or distant areas. It is widely known, voltage are likely to 
collapse over distant during high loads, causing blackouts (Poullikkas, Kourtis, & 
Hadjipaschalis, 2013). 
  Moreover, it is likely to experience 7%-10% electricity loss over long distance. Adding to this, 
the environmental achievements that can be yielded from such distributed rooftop PV systems.  
For that reason, the distributed residential solar panels can support the voltage and improve the 
distribution scheme while protecting the environment (Hanna, 2015). 
 Therefore, direct benefits to the gird can be summed up as: 
- Save the expenses of founding new power stations 
- Save the cost of transmission and distribution infrastructure 
- Save power operation expenses 
- Diminish electricity loss over long distance 
 
 And, environmental benefits such as; 
- Reduce GHG effect 
- Save the expenses of carbon fines  
Thus, NEM systems are already protecting both utilities and society from enormous direct and indirect 
expenses, full retail scheme defenders claim that utilities are fighting theses solar systems to maintain 
their monopolies over electricity industry. 
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Again on the other side, full retail criticizers questions all the stated benefits, believing that there is no 
huge benefits provided from NEM systems to the grid. For example;  
- Utilities are already paying for upgrading the grid to absorb new solar electricity 
capacities, which represents extra expenses for utilities 
- In case the of self-consumption, this won’t contribute to any benefit to the grid in 
term of transmission and distribution 
Ultimately, there is no crystal clear theory identifies which argument side should be taken into 
consideration. Accordingly, each country/state has either modified or maintained their NEM 
compensation program based on separate internal anticipation.  
Moreover, there is a need for further guidelines to regulate future potential concerns such as; NEM users 
aren’t obliged to keep up their solar system, hence it is essential to anticipate what threats could occur in 
case NEM system were shut down instantly. It is hard to decide a definite conclusion regarding the 
NEM’s future, several states have started revisiting their NEM policies. Yet, there is a need to ensure 
equalizing of all stakeholders’ interests (Reiter & Greene, 2016). 
2.2. Europe solar energy case under FIT system 
 
Several strategies are obtained in European countries to achieve the European Union judicial agreement, 
which enforces EU countries to obtain 20% of energy portfolio mix from RE in 2020, with other further 
internal specifications for each country. Since 2000, Europe has given a serious attention towards solar 
panels development, under the sponsorship of “The Kyoto Protocol” and “The European Union-EU”. 
Yet, several energy strategies have triggered momentous disparity in electricity retail prices in Europe. 
The main governments’ target is to identify the ideal strategy to achieve sustainable energy without 
burdening either the economy or the society (Ramírez, Honrubia-Escribano, Gómez-Lázaro, & Pham, 
2017). 
Globally, from 1998 till 2014, solar panels capacity have grown from only 1 GW to over than 177 GW 
respectively, noting that European share only represents 49% of the total world PVs installations in 2014 
(Christoforidis et al., 2016). 85.7% of the European PV capacity installations are situated in 7 countries; 
Germany, Spain, Italy, the United Kingdom, France, Belgium and Greece. In the past 15 years, these 7 
countries have led the development of PV in Europe. Although, Europe had adopted the solar energy 
strategies since 2000. But, actual vast PV capacity hadn’t been installed at any time earlier than 2005. 
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The PV spark started in Germany in 2005, then tracked by the other countries. Afterwards, the 6 
European countries-excluding UK- have experienced momentous collapse in solar panels markets since 
2013 (Ramírez, Honrubia-Escribano, Gómez-Lázaro, & Pham, 2017). 
 At the end of 2014, German PV share was roughly 22% of European PV capacity, the Italian share was 
10.4%, and the French share was 3.1%, followed by Spain with 2.6%, and lastly, Greece by 1.5%. It is 
worth to mention, FIT was the common policy in all the previous countries. 
Nevertheless, FIT policy provided unsustainable outcomes, as all European installations suffered from 
severe decline once the incentives had decreased. For example; the EU market share has fallen from 
73.6% in 2012 to 26.5% in 2013, followed by 17.7% in 2014 (Christoforidis et al., 2016).   
In 2015, European share has been decreased to 42.3% of the worldwide installed solar volume, due to 
FIT schemes instability in Europe. Fig 3 shows the percentage of PV installed capacity in each European 
country from 2000 till 2015. The 7 PV leaders countries in Europe, excluding UK, share the same 
evolution of PV patterns; started with fast progress, then retained for few years, eventually witnessed a 
severe fall (See Fig 4) (Ramírez, Honrubia-Escribano, Gómez-Lázaro, & Pham, 2017). 
 Nevertheless, this share has to further increase in the coming period to reach 2030’s EU clean energy 
targets (27% of the total energy mix to be obtained from RE). Accordingly, NEM has been introduced in 
the European energy policies under the blessing of all stakeholders to replace FIT, as an attempt to reach 
2030’s EU renewable energy target. Previously, Europe experienced limited NEM implementation 
because of policy barriers such as limited installation capacity and compensation schemes. However, the 
role of NEM in Europe is expected to increase in the following years to swipe off FIT’s traces 
(Christoforidis et al., 2016). 
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Figure 3 PV installed capacity in Europe 2000-2015 (Ramírez, Honrubia-Escribano, Gómez-Lázaro, & Pham, 2017) 
 
 
 
Figure 4 PV installations behavior (Ramírez, Honrubia-Escribano, Gómez-Lázaro, & Pham, 2017) 
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Hence, some of European experiments under the umbrella of FIT program will be discussed in the 
following sections. 
2.2.1. The German solar energy case 
It was necessary to enroll the German trip towards renewable solar energy in this study, as the German 
case provides a detailed-long period example about the effect of policy intervention in socio-technical 
systems, and it is full of enormous lessons learnt that can be driven from German case. The journey has 
started since 1991 till present, providing a better understanding of the dynamic relationship between 
policy and socio-technical systems to improve the policy performance. In comparison to other countries, 
the renewable energy in Germany is given significant political support which helped in deploying FIT 
program, that resulted in increasing a considerable percentage of RE in German electricity portfolio, 
which has served as a blueprint for feed-in tariff program in other many other countries. Moreover, 
Germany was the second country, after Denmark, which implemented the FIT system out of more than 
60 countries (Hoppmann, Huenteler, & Girod, 2014). 
2.2.1.1. The History of German FIT 
 
The German trip towards renewable energy has been given a clear roadmap since 1991, aiming to 
achieve 80% of electricity supply from RE by 2050. The German Renewable Energy Sources Act (EEG) 
has betted on fixed feed-in tariffs for 20 years contract to promote and deploy RE technology. There is a 
massive consensus that Germany acquired the world leading position in RE field, because of FIT role in 
establishing RE technology and market. As it is known, the German FIT guarantees a long-term secured 
incentives for investors, which contributed in such rapid RE growth. For example, Germany’s plan was 
to install 3.5 GWp annually, but in between 2010-2011, the installed capacity had exceeded the 
government’s plan by 100%. This rapid growth seems to be good news for Germany, but on the other 
side, any extra installment under the umbrella of FIT over the targeted plan, means extra surcharge 
which burdens electricity users and exceeds social desirable level (Leepa & Unfried, 2013). Feed-in 
tariff surcharge is the price that a customer pays which is the difference between the price of renewable 
energy sales at the energy stock market and the constant price of renewable power that is poured into the 
grid. The more the renewable electricity price decreases at the stock market, the more the FIT surcharge 
increases. This leads to more charges added to electricity consumer’s bill although the prices are 
decreasing (Leidreiter, 2014). 
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It is worth mentioning that, this rapid deployment of solar panels was aligned with dense investment in 
traditional fossil fuel, particularly modern gas fired plants, by electricity utilities to offset the high 
purchasing price from solar PV, this has led to overcapacity of electricity generation hitting the 
wholesale price negatively dropping the utilities’ profits. Simultaneously, the more renewable energy 
pours into the grid, the higher surcharge is getting paid by the customer due to the overpriced payment 
for renewable sources. Ironically on a parallel side, Germany has contributed into producing more 
carbon dioxide emissions. Because utilities have looked for other cheaper energy resources to offset the 
overpriced renewable market place, the conventional fossil fuels have offered much better price 
especially coal power plants. As a result, carbon emissions are added to current German government’s 
problems list (Greene, 2014). 
When Germany adopted an intensive FIT program called “The German Renewable Energy Sources Act- 
Erneuerbare-Energien-Gesetz” (EEG), the program obliges the utilities to buy solar powered electricity 
from common distributed PV generation sources. The German FIT offers a guaranteed price over the 20 
years contract. As explained previously, Germany experienced a massive growth in solar energy within 
the last few years. However, this growth has been accompanied with unbearable surcharge that is paid 
for FIT consumers in a shape of incentives or subsidies. This long term high priced solar power 
contracts has led to enormous burden for both electricity users and government that can’t be fixable. In 
2009, any rooftop solar owner participated in FIT program is getting paid 43 cents/kWh until 2029. 
While in 2014, with similar system and setup, solar owner is paid 13.7 cents/kWh. Thus, the German 
government has been following a continuous cut in FIT incentives in order to remedy the previous 
generous incentives. However, the surcharge is on continuous increase as it reached 6.24 euro cents in 
2014. Considering the current situation, the German energy minister presumes that the EEG surcharge 
will reach 7.7 euro cent in 2020. Based on Agora Energiewende, the joint initiative of the Mercator 
Foundation and the European Climate Foundation, the surcharge of €10 billion in 2014, was the 
outcome of substantial solar growth, 7 gigawatts per year, from 2010 till 2013. Unfortunately, any 
further modification won’t result in any decrease in the remuneration, the only option is to retract the 
previous FIT contracts, but such option doesn’t exist. The German government fears that customers may 
opt out from the grid and to produce their own energy in order to escape from the unreasonable 
surcharge, leaving the government in critical swamp as once the customers abandon the grid, this will 
affect electricity sales, tax payment and EEG surcharge payment. Still, the government is trying to 
overcome this unsolvable dilemma as much as possible (Paulos, 2014). 
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FIT PV installments in 2009, has generated roughly 3500 GWh in 2010, a value of million €157, while 
FIT incentives was amounted by billion €1.38 whereas at the energy exchange, it only generated 
million €157. The billion €1.22 difference has to be paid in a form of RE surcharge by electricity users 
(Leepa & Unfried, 2013). 
Since 2012, the EEG has started cutting FIT incentives hoping to brake the pace of installments. The 
cutting plan is to reduce the FIT incentives by 3% per annum, and additional cut to be added ranging 
from 3% to 15% for each GWp exceeding the targeted plan. Conversely, this declared plan had 
contributed in reversal response as shown in Fig 5, investors had sparked their PV installments to hunt 
the FIT incentives prior to the cutting plan takes place by four weeks. As a result, further modification 
was set by the EEG in which to eliminate the whole FIT program by reaching 52 GWp capacity (Leepa 
& Unfried, 2013). 
 
 
Figure 5 Weekly installed capacity in Germany (Leepa & Unfried, 2013). 
 
The total cost of solar panels installed in Germany from 2000 to 2010 was amounted to €53bn. Solar 
panels contributed to 0.6% of the total electricity in 2008 in Germany with total cost €35bn. Germany’s 
FIT followed a digressive mechanism in applying the incentives as it started by 51 cent/kWh in 2000, 
then decreased to 43 cent/kWh in 2009 (Monbiot, 2010). Finally reached 13.7 cent/kWh in 2014 
(Paulos, 2014). This means the faster you invest in solar technology, the better price you get. Such 
mechanism triggered German homeowners to deploy obsolete chunky solar panels rather than waiting 
for better developed models. This led to wasting €53bn on obsolete old technology instead of investing 
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on renewable research & development. Taking into consideration, the total expenditure on renewables 
R&D was only €211m in 2007 (Monbiot, 2010). 
2.2.1.2.  The Evolution of German FIT policy from 1991 till 2011 
 
In the following section, we will go through the evolving phases of German FIT policy in details; 
 Phase 1: founding an appropriate financial incentive (until 2000) 
Since 90’s, Germany has declared its energy transition plan under the name of “Energiewende” to 
reduce greenhouse gases by 40% by 2020. The Energiewende has declared 2 main strategies; First, to 
undertake princely mechanism for renewable energy sources. Second, to diminish then eliminate the 
nuclear power by 2022. The German government guarantees a constant and premium market price rate, 
overhead the standard market price, for every kW generated from solar PV homeowners. Moreover, the 
renewable sources are granted grid priority by law over nuclear plant stations and conventional sources 
as gas and coal. As a result of guaranteed premium price and grid priority, Germans adopted the idea of 
deploying solar PV over top roofs/barns in a rapid pace, resulted in covering 27% of total electricity 
generation (Greene, 2014). 
The official beginning of PV journey in Germany has started in 1991, under the sponsorship of 
‘Stromeinspeisungsgesetz’ which was the first Feed-in law (Hoppmann, Huenteler, & Girod, 2014), 
called "1000 roofs program" the aim of the program was to subsidy homeowners by initial capital of 
installing solar PV system, the main target of "1000 roofs program" was to create awareness and 
experience towards PV installations in the German market. After the fruitful startup, the program was 
expanded to “100,000 roofs program” to trigger more private sector into PV industry to cut down the 
cost of PV installations. By 1994, the program was ended by positive outcomes as it helped in transiting 
the solar industry in Germany from niche market to mass market (Jenkins, 2009). However, the 2 
programs (1000-100,000 roofs programs) couldn’t go any further as the benefits for the roofs’ owners 
were much lower than the cost of solar panels to cover,the FIT hasn’t been yet introduced in the German 
policy. The main concept was to introduce the PV technologies and to offer some direct R&D funds to 
reduce the high capital cost of PV rather than offering FIT subsidies. However on the other side, the 
Green parties opposed the suspension of the program. Believing that, it is essential to keep the program 
on continuity in order to create mass market which will consequently reduce the PV installations cost. 
The Green parties referred to the American and Japanese experiments, emphasizing how these countries 
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could successfully create PV mass market, ranking Germany in the 3rd position in international solar 
panels industry race. After the Green parties took the lead in 1998, the new government established 
another feed-in law under the umbrella of Renewable Energy Sources Act (‘Erneuerbare Energien 
Gesetz’ (EEG), which was the introduction of FIT. In 2000, the German FIT program was launched, 
offering 51 euro cents/kWh from solar panels for 20 years contract.  
 Phase 2: eliminating obstacles for market expansion (2000–2004) 
 
The 100,000 roofs program’s low interest loans and the FIT incentives, had resulted in almighty growth 
in PV installations from 9 MW in 1999 to 435 MW at the end of 2003. However, two main opposite 
issues had been raised. First, the continuous increase in electricity price because of the FIT surcharge 
had forced the government to limit new PV installations by setting a FIT ceiling of 350 MW, in order to 
allay the opponents against the rising electricity price as it had increased from 0.2 EUR cents per kWh in 
2000 to 0.4 EUR cents per kWh in 2004. Second, on the opposite side, limiting the FIT installations had 
hindered the opportunity for establishing the leading market position which affected the German PV 
industry, and respectively, exporting the German PV technology. The latter issue had a stronger 
influence on the government’s further decisions, as the ceiling had been extended to 1000 MW in 2002 
then was totally removed in 2003. As a result, this had led to a prosperous PV installations that reached 
6 GW by the end of 2008. Because of the German FIT, there was a massive growth in job creation in the 
German solar panels industry, as shown in Fig 6, which gained unprecedented acceptance from all 
politicians parties (Hoppmann, Huenteler, & Girod, 2014). 
 
Figure 6 Development of jobs in the German PV industry (Hoppmann, Huenteler, & Girod, 2014) 
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However, FIT opponents argue that it is true that there was a growth in German solar panels industry 
that have created tens of thousands of jobs. On the other side, paying €53bn in other tenacities could’ve 
generated much more job opportunities. Germany pays €175,000 for every solar PV job in a form of 
subsidy, while workers are likely earn far much less than €175,000. It is known that type of workers in 
solar industry are characterized by being medium or highly skilled workers (Monbiot, 2010). 
 Phase 3: imitating the increasing charge for society (2004–2011) 
 
It seems that the economic and environmental benefits of the FIT weren’t enough, the voices against the 
FIT were rising because of the social burden from the surcharge.  In between 2004-2008, the sharp 
increase in solar panels was accompanied with momentous increase in electricity price that boosted 
outrageously. By 2008, the FIT surcharge reached roughly 2 billion EUR, recording more than 600% 
increase in comparison to year 2004, as shown in Fig 7. 
 
Figure 7 Development of annual EEG difference cost and apportionment for solar PV in Germany (Hoppmann, 
Huenteler, & Girod, 2014) 
 
On a parallel side, solar panels’ costs had been reduced at a greater pace than the FIT’s surcharge 
increasing rate. This successful reduction in PV technology cost owing to the role of FIT program in 
creating PV mass market. This time, the scales are tipped in favor of imitating the significant FIT 
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surcharge. Consequently in 2009, the EEG was forced to suppress the FIT burden on electricity users. 
Therefore, the German government made two further modifications. First, adopting a dynamic 
digression plan, the FIT remuneration pricing plan had been structured annually, based on previous year 
installations capacity. Second, the EEG has incentivized self-consumption (NEM) over FIT. Moreover, 
the grid was provided by remote power control to discrete excess power to protect the grid from 
damages. These modifications were inevitable in order to maintain grid stability without investing in the 
grid (Hoppmann, Huenteler, & Girod, 2014).  
The excess power resembled a chronic nightmare for the future of renewable energy in Germany. For 
example, on May 2016, due to the excess power on grid, Germany had to pay electricity users in order to 
consume the excess power. Yes, with no need to reread the previous sentence, Germany had to pay 
industries such as foundries to consume electricity for several hours to protect the grid from any 
damages or blackouts, as shown in the below Fig 8 (Coren & Coren, 2016). Furthermore, this excess 
power burdens the European grid in particular Eastern Europe countries. Poland and Czech Republic 
had objected several times that this overcapacity power poured into their grids is costing their electricity 
systems and making their grids less trustworthy and more subjected to blackouts because of electricity 
loop flows (Schlandt, 2015). 
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Figure 8 the over-capacity electricity crisis (Coren & Coren, 2016) 
 
Even though, the great efforts exerted in fixing the mess of FIT, still, the problems seem to be unfixable. 
Because the government didn’t weight the effect of PV cost reduction, homeowners kept installing solar 
panels regardless the reduction of FIT incentives due to the continuous decrease in PV installation as in 
in between 2009-2011, the PV capital cost had decreased by 43%, as shown in see Fig 9. 
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Figure 9 PV price reduction in Germany (Leepa & Unfried, 2013) 
 
For example; PV cost had dropped from 4225 EUR in 2008 to 3000 EUR in 2009 for each kWp. Fig 10 
shows that the effect of PV cost reduction was much superior to FIT incentives reduction effect, which 
resulted in intensification of profits for investors. This explains why PV installation hadn’t stopped 
according to the government’s plan, but actually had increased (Hoppmann, Huenteler, & Girod, 2014). 
 
Figure 10 Development of feed-in tariff, PV system price and annual installed capacity of PV in Germany 
(Hoppmann, Huenteler, & Girod, 2014) 
 
Unluckily, the government’s struggles hadn’t only failed in fixing the situation, but to added insult to 
injury, it swiped the appreciation of FIT in creating significant PV industry and job creation in Germany. 
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As a matter of reflex action, investors and producers had to look for cheaper source than the German PV 
to offset the decrease in the FIT inducements and to maximize their profits. Accordingly, another 
obstacle knocked down the German PV industry, which was the hyper competition faced from Asian 
imports, precisely China. As Germany’s solar imports was €1.44bn in 2006 while its exports were only 
€0.2bn (Monbiot, 2010). As a result, the German PV industry had collapsed extensively in the 
international and local solar panel markets after the invasion of Chinese PV since 2007, as shown in Fig 
11.  
 
Figure 11 Global PV cell production and share of PV cells produced in Germany (Hoppmann, Huenteler, & Girod, 
2014) 
 
Since then, there was ongoing battles regarding reduction or maintaining FIT levels. At the end of theses 
battles in 2012, the FIT levels had to be reduced by 60% of those in 2004, after reaching 7.4 GW new 
annual installations in 2010. 
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 Phase 4: confirming the unified integration into both the grid and market (since 2011) 
 
The government main concerns were divided into two roadmaps; First, to ensure grid stability and to 
avoid nearby investments on the electricity grid. Second, it is time to mercy electricity users from further 
remunerations.  Hence in 2012, regarding grid stability, a remote control has to be mounted on any new 
plant to cut off any excess power into the grid. Regarding the latter point, the government had 
substituted the fixed surcharge by bonus for self-consumption scheme to reduce the excess solar 
electricity on grid. Moreover, the investors were encouraged to abandon FIT and to direct their 
electricity on the spot electricity market in return of market premium. In the future, it is anticipated that 
“Direct PV market” will have a significant role in the coming future while FIT will be fading out. A 
summary of phases is presented in Table 1. 
Table 1 Summary of all German phases (Hoppmann, Huenteler, & Girod, 2014) 
Phases Prevalent issues in socio-
technical system 
Changes in policy design 
 
 
 2000  
 
• Lack of maturity and high 
cost of PV technology. 
 • Lack of mass market for 
PV 
• Insufficient financial 
incentive for power 
producers of PV  
• Market power of large 
utilities 
• Market support as 
chance to build PV industry 
and create Jobs. 
 
• Introduction of Renewable Energy Sources Act. 
• Technology specific but size-independent remuneration 
of 51 EUR cents/kWh over 20 years 
• Maximum size of 5 MW for building integrated plants, 
100 kw for others  
• Fixed degression of 5% p.a. 
• Ceiling for cumulative installed capacity at 350 MW 
• Exclusion of utilities with share of EEG electricity > 50% 
in overall sales from having to pay EEG apportionment 
(‘Grünstrom privileg’) 
• First boost in deployment (cumulative capacity of186 
MW installed in 2001) 
• No. of jobs grows slowly to 4000 in 2001 
 • Rise in annual PV difference costs 21 from 19 M EUR in 
2001 to 37 M EUR in 2001. 
 
2002 
2004 
 
 
 
• Market support as 
chance to build PV industry 
and create jobs  
• Market support as 
chance to increase exports  
• High cost and rising 
electricity prices 
 
Ceiling for cumulative installed capacity raised to  1000 
MW 
• Reduction of EEG apportionment (0.05 EUR cents/kwh) 
for large electricity consumers facing international 
competition with a consumption > 100 GWh , electricity 
cost per gross value added > 20%  
• Removal of ceiling for cumulative installed capacity and 
plant size 
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problematic especially for 
energy-intensive industry) 
• Increase in remuneration for roof top PV to 54.7 EUR 
cents/kwh 
• Changes in redistribution mechanism of EEG 
Apportionment. 
•Adjustment of criteria for reduction of EE apportionment 
for large electricity consumers to consumption > 10 GWh, 
electricity cost per gross value added > 15% 
• Strong rise in deployment (cumulative capacity of4170 
MW installed at the end of 2007)  
• Reduction of PV system price from 6 EUR/Wp in 2002 to 
4.3 EUR/Wp in 2008  
• Strong rise in no. of jobs to 40,400 in 2007  
• Rise in annual PV difference costs to 1.47 bn EUR in 2007 
 
 
 
2009 
2011 
 
 
 
 
• High cost for society and 
rising electricity prices. 
 • Excess remuneration and 
windfall profits for PV 
industry  
• Increasing competition 
from China. 
 • Risk of hurting domestic 
industry 
 
• Dynamic degression of remuneration depending on 
deployment (basic degression of 8–10% for 2010 ± 1 
percentage point if annual installed capacity < 1000 MW 
or >1500 MW) 
 • Requirement to install remote control and power 
measurement unit for plants > 100 kw 
• Option of self-consumption (25.01 EUR cents/kwh) or 
direct marketing to third parties 
• Basic degression for 2010 changed to between 8% to 
13% depending on system size 
• Dynamic degression rate for 2011 raised(basic 
degression of 9% ± up to 4 percentage points depending 
on deployment in 2010) 
• Additional one-time reductions of remuneration by 10% 
(July) and 3% (October)  
• Reform of distribution mechanism underlying EEG 
apportionment 
• Adjustment of degression for 2011 by 3%, 6%,9%, 12% or 
15% depending on deployment  
• Slowing market growth 
• Rise in no. of jobs to 150,000 in 2011 
• Rise in annual PV difference costs to 6.8 bn. EUR in 2011 
• Strong reduction of PV system prices from 4.3 EUR/Wp 
in 2008 to 2.05 EUR/Wp at the end of 2011 
• Further increase indeployment  (cumulative capacity of 
24,678 MW installed at the end of 2011) in March to May 
2011(target corridor of2.5–2.5 GW newly installed 
capacity per year)  
• Adjustment of degression for 2012 (9% Basic degr., 
reduction or increase dep. On deployment  
in 2011) 
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2012 
 
• Increased power 
intermittency and power 
regulation  
• Risk of reduced grid 
stability 
 • Lack of market 
integration 
• High cost for society and 
rising electricity prices 
 
• Alternative between limiting inverter power to 70% of 
PV plant capacity or installation of remote control for 
plants < 30 kw  
• Remuneration for self-consumption depending on 
system size (max. 12.36 EUR cents/kwh)  
• Further extension of reduction in EEG apportionment for 
large electricity consumers: criteria adjusted to 
consumption n > 1 GWh, electricity cost per gross value 
added > 14%  
• Limitation of ‘Grünstromprivileg’ to 2 EUR cents/kWh  
• Introduction of market premium as incentive for direct 
marketing 
 
2.2.1.3. Lessons learnt from German FIT policy 
 
The German FIT program has deployed huge capacity of renewable energy into the grid effectively, 
which is foreseen that the German policy is on track in achieving 80% of renewable electricity by 2050. 
However, Germany has wrongly addressed the situation, FIT policy has yielded an expensive unpayable 
bills in different facets and totally failed in opting an optimal renewable energy business model 
(Leidreiter, 2014). It is obvious that German FIT went through great legislative changes due to the 
intervention of policy in the socio-technical system. The German case shows how decision makers 
weren’t certain about the effect of FIT in electricity sector, which required on-going modifications. The 
deployment of PV had extraordinary exceeded the targeted plan, the lack of deep studies had led to 
substantial social cost. Ironically, the German government anticipation was that the surcharge would 
only reach 0.1 EUR cents/kWh in few years. In fact, it had reached 3.53 cents/kWh which is about 35 
fold of what was planned for, Table 2 summarizes the list of issues during the German policy phases 
(Hoppmann, Huenteler, & Girod, 2014). 
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Table 2 Relative prevalence of issues in phases (Hoppmann, Huenteler, & Girod, 2014) 
 
 
2.2.1.4. Corrective actions procedures in Germany 
 
Germany is studying and implementing new forms to replace FIT, such;  
 Quota system- obliging industries and premises to obtain a certain quantity of electricity 
consumption through renewable energy 
 Encouraging NEM schemes over FIT 
 Direct marketing- establishing a direct marketing for renewable energy instead of fixed FIT 
incentives, by direct selling to neighbors or other third party without selling electricity back to 
the utility company. 
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 Taxing self-consumption of solar PV- taxing home owners’ solar PV by 15% of the surcharge. 
However, some opponents are unifying their efforts to take a legal action against such reform 
  Exemptions for energy intensive industry- exempting some energy intensive to pay their 
renewable energy surcharge, it is believed that likely 1,600 industries are already exempted 
 Cap for wind and sun energy- capping the quantity of renewable electricity that is enrolled in FIT 
incentives based on type of technology (Leidreiter, 2014). 
 Auctions- setting auctions for renewable electricity in German energy market as an attempt to 
reduce the price of FIT (Morris, 2015). 
 
2.2.2. The Spanish solar energy case 
As explained earlier, Germany was the pioneer in founding PV market, but currently, Germany is 
cutting out FIT mechanism and urges for self-consumption scheme as a substitute. Europe has 
experienced unstable period with PV scheme between 2007 & 2012, which forced European countries to 
revisit their FIT policies. To a certain degree, Spain was one of the few countries which had to make 
retroactive modifications which hit the PV sector badly.  
2.2.2.1.  Overview of FIT in Spain 
 
Between 2004 & 2008, Spain has adopted RE policies that promoted a very promising energy scheme. 
But sadly, the situation had turned into unsteady state. Back to 2007-2008, Spain occupied number one 
in boosting PV installations in Europe by 512 MW and 2700 MW, respectively. Spain was the world 
highest installation rate by likely 3.5 GW per year, this huge expansion was because of the Spanish FIT 
program. As a result, Spain had experienced a compulsive invasion of PV installations, which forced the 
Spanish government to create new agenda to slow down the over PV capacity as the government was 
noticing the tip of the iceberg of FIT subsidies, the story seems familiar? This time, Spain took furious 
actions by decreasing both new and previous plants FIT incentives retroactively, decreasing both new 
and current investors’ profitability. Hence, the empire of Spanish solar has collapsed as literally no more 
new PV plants installations took place, plus affecting the old ones performance due to the oppression of 
new legislative agenda. The annual new PV capacity has decreased from 423 MW in 2011 to 273 MW 
in 2012, to finally 6 MW in 2014. In just few years, Spain could flip its promising PV technology into 
unstable position (Talavera, Muñoz-Cerón, Ferrer-Rodríguez, & Nofuentes, 2016). 
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2.2.2.2. The Spanish FIT Evolution 
 
The history of renewable energy in Spain has started since 1991, by formulating the Spanish national 
energy strategy to facilitate the entrance of renewable energies in Spanish’s energy mix. The first actual 
step towards this strategy took place through introducing FIT scheme in December, 1998. The first FIT 
was set, as shown in Table 3, with maximum capacity of 50 MW (Talavera, Muñoz-Cerón, Ferrer-
Rodríguez, & Nofuentes, 2016). 
Table 3 the first Spanish FIT (Talavera, Muñoz-Cerón, Ferrer-Rodríguez, & Nofuentes, 2016) 
 
This FIT scheme could be changeable every 4 years, even the 4 cycle wasn’t completed. However, this 
phase didn’t contribute much as capital cost was still excessively high. Hence, in 1999, a new energy 
plan was formulated in order to have further impact than the unsuccessful previous phase. The new form 
had provided a 10 years contract (2000-2010) offering subsidies of 30-35% of the investment cost plus 
tax reduction. The government’s plan was to reach 135 MWp by 2010. 
 In 2005, the government went through another modified framework for 5 years period lasting till 2010.  
The plan was to cover the electricity production by 29.4% from renewables and the plan was expanded 
to reach 400 MW. 
2007 was the turning over point in the FIT Spanish history, the government noticed in order to reach the 
planned percentage of renewables, it is a must to create a more generous FIT scheme. Therefore, the 25 
years contract was offered called “Special Regime” which is shown in details in Table 4. 
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Table 4 Special Regime (Talavera, Muñoz-Cerón, Ferrer-Rodríguez, & Nofuentes, 2016) 
 
As soon as the mentioned decree was established, a capacity of 371 MW of PV was installed only after 5 
months. The target was to achieve 400 MW in between 2005-2010, but the actual capacity had exceeded 
the targeted plan to reach 512 MW, this outrageous installations triggered the country to revisit the 
decree. Therefore in 2008, the Spanish government had reduced the FIT remunerations by 30% plus 
additional cut comparative to quarterly achievable capacity. Moreover, a 500 MW ceiling capacity was 
set during 2009 till 2011. The final nail in the coffin of FIT scheme in Spain was in 2010, the 
government not only completely eliminated the Fit remuneration, but it eliminated previous FIT 
contracts that were initiated before September, 2008. This was the first time in the policy history to 
apply retroactive actions. Again in 2010, the government has specified limited FIT hours as once the 
limit is reached, no further fit payment will occur. The government did its best to get rid of investors as 
their investments’ profitability were totally ruined. In January 2012, the FIT incentives had been stopped 
for new installments. Furthermore, in the light of the Spanish economic crisis, the government applied 
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further actions to imitate the electricity deficit between electrical utilities and the government that led to 
additional reduction in profits for existing FIT PV. A summary of Spanish FIT evolution is presented in 
Table 5. 
The Spanish case shows how the renewable energy policy had experienced a dramatically failure after 
witnessing an enormous success of occupying the largest worldwide PV market in 2008. This 
destructive evolution has resulted in creating unsecured economy, which blocked any further 
development in Spanish PV industry. It is worth mentioning, there is an international lawsuit against the 
Spanish government as an outcome of the retroactive actions (Talavera, Muñoz-Cerón, Ferrer-
Rodríguez, & Nofuentes, 2016). 
Table 5 the evolution of the installed PV capacity in Spain in the period 1998–2014 (Talavera, Muñoz-Cerón, 
Ferrer-Rodríguez, & Nofuentes, 2016) 
 
Year 
 
Regulatory Framework 
 
Supporting mechanism and 
remarkable events 
 
 
Annual  
Power 
 
Accumulated 
Power 
1998 RD 2818/1998  -Feed-in tariff 1 1 
1999    1 1 
2000  RD 1663/ 2000 -Initial investment subsidy 1 2 
2001    2 2 
2002   -Technical conditions for the 
PV connection to the low 
voltage grid 
3 5 
2003    6 11 
2004 RD 436/2004  -Feed-in tariff 10 21 
2005    22 43 
2006    82 125 
2007 RD 661/2007  -Feed-in tariff 512 637 
2008  RD 1578/2008 -Feed-in tariff (quarterly 
modified for the new 
installations) 
2716 3353 
2009   Annual cap 46 3399 
2010  
RD 1565/2010 
RDL 14/2010 
 - Feed-in tariff 
- Annual cap 
- Operational hours limitation 
440 3839 
2011   
 
 
RD 1669/2011 
- PV Self-consumption 
systems. Initial consideration 
(<100 kw) 
- Reduction of approval 
procedure for PV<10 kw 
420 4259 
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2012 RD-L 1/2012 
 
Law 15/2012 
 - Removal of FiT for new 
installation 
- 7% income tax on all 
electricity sales generated 
300 4559 
2013 RD-L 2/2013 
 
 
RD-L 9/2013 
 - Updating revision of the 
retribution mechanism 
modified 
107 4666 
2014 RD 413/2014 
 
OM IET/1045/ 2014 
 - Reclassification of existing PV 
plants 
- New retribution mechanism 
(Investment and O&M costs 
fix tariff plus electricity sales 
to market prices) 
6 4672 
 
2.2.3. The Italian solar energy case 
Italy hasn’t given a serious attention towards PV energy till 2007, the lack of policy support and the 
expensive PV capital cost acted as main barriers for investing in PV power. The Italian PV story has 
officially started since 2008, by setting FIT combined with NEM plan in 2008-2010.  
2.2.3.1. Italian FIT program evolution 
 
After implementing FIT scheme, Italy experienced unanticipated solar power progression during 2008-
2012, as shown in Fig 12, even after more than 70% reduction in incentives during the same period, this 
is because the capital cost had decreased greatly more than tariff reduction, as shown in Fig 13. The 
Italian government applied 2% reduction in the incentives in 2009 and 2010, without ceiling in installed 
capacity, same as the German story, the deployment of PV panels had continued even after the reduction 
in incentives. Consequently in 2011, a new system was applied to reduce the tariff. The 2011 
modifications were; setting a ceiling capacity of 23,000 MW and following a monthly reduction 
methodology in the incentives. On the opposite side, the government put other incentives (0.05 €/kWh) 
for asbestos roofs and 10% FIT bonus increase if PV were manufactured in the European Union, 
detailed FIT system is presented in Table 6. 
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Table 6 FIT Scheme 2011-2012 (Antonelli & Desideri, 2014) 
 
 
 
Figure 12 Installed power in Italy (Antonelli & Desideri, 2014) 
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Figure 13 FIT (a) and PV plants cost (b) changes with FIT scheme (Antonelli & Desideri, 2014) 
 
2.2.3.2. The negative outcomes of Italian FIT 
 
The expected end of the FIT, same as the German and Spanish end result, has started to begin in 2013. 
The outcomes of intensive reduction in tariff resulted in huge shrinkage in PV deployment starting from 
2013. The FIT system in Italy didn’t last more than 5 years because of the uncurbed PV growth. Even 
though, it contributed on creating one of the biggest worldwide stock. But as always, FIT had to be put 
on unavoidable end leaving the following problems behind;  
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 The FIT policy had burdened the Italian society with €8 billion for the next 20 years. As such, 
the government is trying to extend the due date to 30 years, increasing the remuneration to €9 
billion. In order to imagine the meaning of this amount, it is important to know that total 
expenditure of the Italian higher education system, including public universities’ funds, was 
€6.83 billion in 2011, in comparison to €28 billion of PV plants investment. This has resulted in 
30% increase in kWh price for both homeowners, who their purchasing power is decreased by €7 
billion annually, and energy intensive industries that are likely to cease their activities or to move 
their investments abroad. 
 One of the FIT drawbacks that addresses Italy in particular, is Italy doesn’t manufacture PV. 
Therefore, all the PV manufacture costs were imported either from EU industry, which hasn’t 
offered any noteworthy benefit to Italy (albeit there was specific incentives for EU PV 
manufacturing), or from Asia. 
 As stated earlier that all solar panels were imported, but a reduction in investment from €28 
billion in 2011 to reach €1.3 billion in 2013, has definitely affected Italian companies which are 
working in PV assembly or installations. Such vast reduction in investment is sufficient in 
collapsing PV sector in Italy, terminating substantial number of companies. 
 Each ton reduction in CO2 from the PV electricity generation, costs more than €5000 (Antonelli 
& Desideri, 2014). 
 
2.3. The United States solar energy case under NEM policy 
 
NEM had a crucial role in deploying solar panels systems in USA in substantial scale. The Energy 
Information Administration (EIA) declared that about 7000 NEM systems were established in 2003, 
which had increased over than 20 folds to reach more than 150,000 NEM units in 2010 (Hanna, 2015). 
NEM is considered as the essence of solar electricity in USA. It is believed that there wouldn’t be any 
residential solar panels along the country, without NEM policies (Andrews, 2016). 
NEM has been introduced for its first time in 1979 in Boston city, then it was later adopted by Idaho and 
Arizona states in 1980 and 1981 respectively. Later on, Massachusetts State established NEM guidelines 
in 1982. Since 1979, NEM hadn’t taken any formal appearance until Minnesota State agreed on the first 
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NEM decree in 1983. Since then, NEM has been spread among the United States to reach 22 states in 
1988 (Reiter & Greene, 2016), and 43 states in 2013 (Hanna, 2015). 
Since mid-2013, 44 states has adopted NEM schemes, USA has installed more than 12,000 MW. 
Although, the U.S has deployed the idea of adopting solar energy as a source of electricity for 30 years, 
most of the installed capacity has taken place since mid-2013 only. The main incentive adopted by the 
American states is the NEM policy with different methodologies. For example; several states have set an 
aggregate cap to control the electricity stream from NEM systems to the grid, also, some states permit 
users to benefit from “Community” or “Virtual” net metering (Reiter & Greene, 2016). Virtual net 
metering (VNM) or community net metering means installing NEM system on external premises while 
receiving credits for your property utility bill, as depicted in Fig 14. Simply if the rooftop doesn’t fit for 
PV installation nor providing the proper capacity, still there is an option to install the system on another 
location. The output of the NEM system can be shared by multiple users. One of the VNM advantages is 
the possibility of providing mass scale for a whole district, which permits lowering the capital cost for 
each participant. VNM allows people who don’t have the facility to install PV system, to install the 
NEM off site. Also, it offers economies of scale by reducing the cost per-unit price for larger project 
system. The VNM system is offered by several states in the USA such as; 
 California 
 Colorado 
 Massachusetts 
 Minnesota 
 New York 
 Vermont (Richardson 2016). 
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Figure 14 Virtual net metering technique (Richardson 2016) 
 
Another type adopted in over than 17 states in the United States, called “aggregate net metering” which 
permits one user to use several NEM systems on other premises that belong to the same user to reduce 
utility bill of a single building, as shown in Fig 15 (Durkay and Cleveland 2016). 
 
 
Figure 15 aggregate net metering (Farrell 2016) 
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The role of solar energy in electricity generation in the United States has started at the mid of 2013, by 
introducing NEM on a larger scale among the states, as shown in Fig 16, the year of 2017 has captured 
2% of solar electricity for the first time in the American history which is amounted by roughly 6 
Gigawatt (EIA, 2017). 
 
Figure 16 electric generation from renewables (EIA, 2017) 
 
NEM is the most dominant energy policy adopted in USA (47 states), all states promote different NEM 
concepts except Alabama, Mississippi, South Dakota, and Tennessee.  Most of the states limit the 
installation capacity, 28 states apply cumulative capacity limit based on the electricity demand. 
 30 states compensate their NEM users at retail rate after 12 months validity  
 5 states offer compensation at avoided cost rate 
 8 states offer a mix of avoided cost and retail rate 
 4 states offer different various rates (Poullikkas, Kourtis, & Hadjipaschalis, 2013). 
 
2.3.1. Sample of NEM Policies for Several States 
 California  
NEM maximum limit is 1 MW, NEM installations limit is based on 5% of the utility’s aggregate peak 
demand.  Californian users have two options regarding their RECs. First option, users can carry over the 
remaining to the following month indeterminately. Second option, users can get compensation at 
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average annual retail market rate from 7 AM to 5 PM. Additionally, California State permits “Virtual net 
metering” (Poullikkas, Kourtis, & Hadjipaschalis, 2013). 
 Connecticut 
Connecticut State allows NEM capacity up to 2 MW without setting installation limit. Any surplus can 
be carried over to the following month, and any remaining at the end of year are compensated at avoided 
cost rate. The state permits virtual net metering for resident users only up to 5 members, as long as they 
share the same utility company, any virtual net metering RECs are compensated monthly at retail rate 
(Poullikkas, Kourtis, & Hadjipaschalis, 2013).  
 New Jersey  
The New Jersey internal policy started by limiting the NEM system capacity up 2 MW. However in 
2010, the limitation was removed.  On the other side, utilities are authorized to hold NEM services once 
the aggregate capacity reaches 2.5% of electricity peak demand. The compensation scheme for RECs are 
classified into 2 options; either to compensate the users at retail rate every month or at avoided cost 
every year (Reiter & Greene, 2016; Hanna, 2015). Virtual net metering isn’t allowed within New Jersey 
boarders, but the state permits “meter aggregation” in which users can establish one NEM system and 
serve other premises as long as it is located on same user’s property or contiguous premise. Same time, 
all premises must share same utility services zone (Reiter & Greene, 2016). 
2.3.2. NEM regulations in the United States 
The Federal Power Act (FPA) delegates the Federal Energy Regulatory Commission (FERC) to alter 
any irrational law or rate. Accordingly, FERC is the legislative entity which governs the wholesale 
electricity market sale and the transmission among the states. Thus, each state has developed its NEM 
scheme without crossing the authority of the federal government, as possible. 
2.3.2.1. The Public Utility Regulatory Policies Act of 1978 
 
Since the oil crisis in 70s, the Public Utility Regulatory Policies Act of 1978 (“PURPA”) was 
established with a set of objectives, to promote other substitutes of energies. Thus, the PURPA obliges 
utility companies to contract with renewable energy producers in the following points; 
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 Purchasing electricity from renewable power stations; Utilities are enforced to buy electricity at 
the avoided cost price. This helped in eliminating the monopoly of utilities companies on 
electricity production 
  Selling specific utilities’ services to RE stations 
 Offering exemption from certain regulations; except the FERC authorities 
2.3.2.2. Energy Policy Act of 2005 (EPACT) 
 
At this stage, EPACT promoted the adoption of NEM strategies. Pursuant to EPACT, all concerned 
entities are entitled to facilitate any NEM request. It is true that several states had already adopted NEM 
schemes before EPACT takes place, but EPACT had pushed the stream to the extent that 44 states have 
implemented the NEM concepts (Reiter & Greene, 2016). 
2.3.3. NEM under utilities attack 
American utilities haven been conducting many attempts to erode retail rates compensation by levying 
fixed charges on NEM users. As a result, in 2015, 27 states had adopted radical policy modifications, 
Hawaii and Nevada were the 1st states that replaced NEM policy by other mechanism called net billing, 
while other states as California had accepted to impose charges by 2-3 cents/kwh on NEM customers 
while retaining retail rate compensation. Whereas, several states as Colorado and Iowa preserved NEM 
schemes intact. 
The most common attack is to levy fixed charges from the utilities. For example, 61 utilities offered to 
raise constant charges on the whole electricity sector in 30 states. While on the same vein, 21 utilities 
suggested to impose the fixed charges on NEM users only, such attacks are affecting the stability and 
continuity of NEM policies in the United States (Roselund, 2016). Currently in USA, other techniques 
are being under consideration in order to replace the traditional NEM compensation. Major conflicts 
occurred in the United States because of NEM scheme. Sample of the most famous NEM conflicts cases 
are; 
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2.3.3.1. SolarCity Antitrust Suit 
 
In 2015, one of the biggest rooftop solar company, SolarCity, sued the Salt River Project Agricultural 
and Power District (SRP) in Arizona State, SPR is an electricity utility company which serves Phoenix 
zone in Arizona. The net metering battle has started since 2014, when SRP witnessed NEM growth, the 
utility company claimed that NEM program has affected the company’s revenue mainly because of full 
retail compensation. Consequently, Arizona’s regulators had responded to utility’s protest by imposing a 
monthly fees on any new NEM installation, while leaving the old installations intact. The fixed charge is 
amounted annually by approximately $600 or more. Respectively, SolarCity Company submitted an 
antitrust suit against SPR, as such action impacts negatively its continuity in the market by devaluation 
the profitable value of its NEM customers. SolarCity accused SPR of monopolizing the market, and 
considered the imposed monthly fees as an attempt to kick solar companies out of the market. Moreover, 
the solar company argued rooftop solar users are already providing significant benefit to both the grid 
and the society (Reiter and Greene 2016; Wellinghoff 2015). 
2.3.3.2. Nevada Case 
 
By the end of 2015, Nevada authority had put an end for NEM, because of the generous compensation 
offered to NEM while paying so little for utilities. Depending on the circumstances of ceasing NEM in 
Nevada, the 3 solar companies- SolarCity, Sunrun and Vivint- had declared to end their businesses, and 
other local companies had been obliged to diminish their workforces and operations. Moreover, the 
existing NEM systems which is equivalent to 18,000 weren’t exempted from the Nevada’s decision. 
However, the 18,000 rooftop solar owners have succeeded in maintaining their rights after suing the 
authorities. 
2.3.3.3. Hawaii Case 
 
The 1st state which abandoned NEM system. This likely happened because the grid was flooded by 
solar electricity, specifically between 10:30 and 14:00 daytime. The below fig 17 shows the “Back-feed” 
of Hawaiian electricity in 2013.  
Accordingly, the Hawaiian State had decided to end any new NEM installations since 2015. Same as 
Nevada case, solar panels companies have sued the authority as their businesses were terribly impacted 
(Andrews, 2016). 
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Figure 17 Back-feed of Hawaiian electricity in 2013 (Andrews, 2016) 
 
2.3.4. The American NEM conclusion 
Net metering had offered a vital role in deploying PV technology in the American market. Nevertheless, 
some states have revisited their NEM compensation. Therefore, it is essential for decision makers to 
understand the different NEM schemes in order to not to burden any of stakeholders (Darghouth, 
Barbose, and Wiser 2011), there is significant jeopardy facing the solar industry in USA as almost 50% 
of the states are revising their NEMs schemes. This is because the growth of solar PV installations have 
exceeded the expectations and many states have reached the NEM ceiling limits (Andrews, 2016). 
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2.4. Egypt energy case 
 
Egypt suffers from providing a satisfactory amount of electricity from its primary conventional energy 
resources, in particularly oil and natural gas that deliver 95% of the total energy needed for generating 
electricity in Egypt. Studies show that, Egypt will face a deficit in meeting its electricity demand from 
these resources because of rapid urbanization. Based on the Egyptian energy strategy for 2030, Egypt 
might be a net importer of oil and natural gas within ten years from the start of the third decade of this 
century. This contributes to further challenge for the Egyptian economy which will increase the burden 
of Egypt’s foreign currency shortage plus the fluctuation of international fossil fuel markets. 
Consequently, diversification of the energy resources is a must and no more optional to benefit from 
renewable resources, those are abundant in Egypt for generating electricity. Therefore, in September 
2014, the government launched the issuance of feed in tariffs for electricity projects through renewable 
energy resources (PV - Wind).  The authorized target is 4300 MW to be achieved over feed in tariffs 
first phase; 1) 300 MW for small PV installations below 500 kW. 2) 2000 MW for large size PV 
installations range between 500 kW up to 50 MW. 3) The remaining 2000 MW is from wind energy 
installations with projects capacities ranging from 20 MW up to 50 MW. The value of the tariff will be 
revisited as either the target is achieved or the two years regulatory period is elapsed, which happens 
first (EGYPTERA, 2014). 
2.4.1. Egypt renewable energy history 
It is worth mentioning that in between 1912- 1913, Egypt witnessed its first solar thermal power station 
in Maadi district. The American engineer “Frank Shuman” chose Egypt to implement his solar thermal 
experiment due to Egypt’s unique location in the Sun Belt zone with direct solar irradiation (Hamdy, 
2014). 
 In 1970s, the first official governmental initiative towards RE in Egypt has been launched by the 
Minister of Electricity & Energy, to take RE resources into consideration. At the beginning of 1980s, 
Egypt developed RE strategy in order to implement potential RE projects and applications, while 
locating essential investments and funds to promote RE field as a vital source of the Egyptian national 
energy planning (NREA, 2017). The plan was to rely on RE by 5% as a part of Egyptian energy mix to 
be met by 2000. However, the plan has been modified several times. 
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 The New & Renewable Energy Authority (NREA) was founded in 1986 to collaborate all the national 
and international efforts among different entities to develop and promote renewable energy 
methodologies and energy efficiency programs on both commercial and governmental scales, NREA’s 
authority includes the following:   
 Evaluating RE sources 
 Assessing, experimenting and developing different RE technologies with substantial attention 
toward Solar energy and wind turbines 
 Executing RE projects 
 Disseminating information and setting plans for training and education in RE field 
 Setting specifications to meet the Egyptian standards in term of RE applications 
 Evaluating and following up RE projects and applications beside issuing licensing certificates 
 Offering consultancy facilities in relation to RE filed 
 Transferring and developing RE technology in the local manufacturing market 
 
At the beginning of 1990s, Egypt decided to give a serious attention towards wind turbines as potential 
source of RE. In collaboration with Germany, Denmark, Spain, Japan, the European Investment Bank, 
and the World Bank, Egypt had initially installed one of the first wind farm projects in the Gulf of El 
Zayt, Hurghada. Followed by the construction of the Zafarana wind farm at the Gulf of Suez in 2011. 
These two wind turbine farms are selling their electricity production to the EETC (Bahgat, 2013). 
In 2008, the Egyptian government developed an agreement to generate 20 percent of electricity 
production through renewable energy by 2020 (NREA, 2017). Generally, Egypt relies on 
hydroelectricity sector by 8 percent of Egypt’s electricity from four stations: the Aswan Dam, the High 
Dam, the Esna Dam, and Naga Hamady Barrages (Bahgat, 2013). 
In 2009, the prime minister declared the creation of the Energy Efficiency Unit (EEU) to be an element 
of the Supreme Energy Council which collects different ministries representing consuming sectors, 
energy producers, and other foundations in the field of environment and finance. The EEU's main 
responsibilities are: 
 Gathering and screening related information   
 Preparing policy for priority topics such as reliance on renewable as a source of energy and 
energy subsidies reform 
 Developing and implementing roadmap for energy efficiency programs 
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From 2003 to 2005, a detailed wind atlas for Egypt was declared which showed that the country has a 
considerable potential to harvest wind energy on a great scale specifically along the Nile, the Eastern 
and Western Deserts, and Sinai.  
Along with wind energy, the inauguration of Egypt’s first hybrid solar power plant was established in 
2011 in Kuraymat. The selection of the location started in 1997 where it is unpopulated desert area, with 
high-intensity direct solar radiation. The hybrid power plant is capable of producing 150 megawatts of 
power, with solar share at 20 MW (Bahgat, 2013). 
2.4.2. The Egyptian FIT scheme 
In September 2014, the government launched the issuance of feed in tariffs for electricity projects 
through renewable energy resources (PV - Wind).  The authorized target is 4300 MW to be achieved 
over feed in tariffs first phase; 
 1) 300 MW for small PV installations below 500 kW 
2) 2000 MW for large size PV installations range between 500 kW up to 50 MW 
3) The remaining 2000 MW is from wind energy installations with projects capacities ranging from 20 
MW up to 50 MW. The value of the tariff will be revisited as either the target is achieved or the two 
years regulatory period is elapsed, which happens first (EGYPTERA, 2014). 
The EETC is committed to purchase from RE power plants at the agreed price that is settled by Power 
Purchase Agreements (PPA) for 25 years for the PV projects, and 20 years for the wind projects. Thus, 
the Egyptian Electricity Utility and Consumer Protection Regulatory Authority established the needed 
regulations and procedures for implementing the Renewable Energy Feed-in Tariff (RE - FIT) projects 
including: 
- Procedures for execution of RE – FIT projects up to 500 kW of PV Installations 
- Procedures for execution of RE – FIT projects more than 500 kW 
 
  
2.4.2.1. Feed in tariffs PV projects 
 
Table 7 states the PV tariff pricing for different projects; 
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Table 7 PV tariff pricing (EGYPTERA, 2014) 
 
 
- A flat rate during the entire 25 years contractual period 
- Installed capacities for more than 500 kW, are being paid with Egyptian pounds according to the 
following equation (EGYPTERA, 2014): 
PV feed in tariff (L.E.) = [15% of feed in tariff ($.Cent) X 7.15 (L.E.)] + [85% of Feed-in Tariff ($.Cent) 
X exchange rate on the bill issuance day, as stated in the contract] 
 
 Facilities provided by the Government for the supporting Schemes 
 
1. Creating regulations for land allocation for projects, through rights covering (PPA) lifetime. 
2. The grid is committed to offer priority on dispatch for renewable energy. 
3. Issuing guarantees for projects above 20 MW.  
4. Soft loans: 4% interest rate for residential projects and up to 200 kW and 8% interest rate for 
projects ranging between 200 kW and 500 kW. 
5. Forcing the Supreme Council of Energy decisions to invest 2 Billion Egyptian Pounds for 
establishing transmission and distribution grids (Egyptian Electric Utility for Consumer 
Protection and Regulatory Agency, 2014). 
2.4.2.2. FIT phase one concerns 
 
One of the main advantages of the first phase was the delegation of the government to permit private 
sector to participate in electricity generation process. Yet, the government brought up undesirable 
surprises for the investors which are; any clashes or disputes have to be handled internally under the 
Egyptian justice umbrella. Adding to this, 85% of the investment has to be international funds. As a 
result, several international sponsors as the European Bank for Reconstruction and Development, the 
OPEC fund for International Development, the European Investment Bank, and the International 
Finance Corp have pulled out their commitments in financing the Egyptian FIT projects, as allowing 
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international arbitration is a basic requirement for international banks. Consequently, more than six 
enterprises had withdrawn their investments, and several investors had canceled their local loans that 
were devoted to the FIT project. The way the Egyptian government handled the sudden changes in the 
FIT project, has created anxiety and lack of confidence in investing in Egypt. Simply, international 
investors aren’t keen on jeopardizing their money under full local control. 
Moreover, other criticisms, the first phase was supporting mega projects over smaller ones which is 
against of FIT norms in most of the other countries. Believing that, small and medium projects are faster 
in implementation and are more likely to attract Egyptian companies which will enhance the investment 
internally (Hafez, 2016). 
In conclusion, the first phase miscarried the mission of inducing private sector in the process of 
electricity generation. Therefore, only 3 companies, out of 136 candidates, have proceeded in the first 
phase.  This was a normal outcomes after unplanned official decisions which contributed to lack of trust 
in the Egyptian government. 
Ultimately in the light of previous concerns, the government has lunched the second phase of FIT 
allowing international arbitration, while diminishing the incentives for around 40%. Such modifications 
resulted in gaining 31 new contracts (Hafez, 2017). 
2.4.2.3. Egypt FIT early evolution 
In October 2016, in almost 2 years period from the 1st phase, Egypt has modified the FIT program 
which was launched in September 2014. The modifications in phase 2 involve changes in FIT incentives 
and arbitration process, in which, the second phase offers international arbitration at lower incentives. 
While phase one offered higher incentives, but restricted on domestic arbitration only. Table 8 highlights 
the major changes regarding PV projects-FIT (Sutherl, Armsby, Pascal-Boutin, McNabb, & Mangat, 
2016). While Table 9 shows a comparison for households and small commercial PV projects (The 
Economist, 2016). 
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Table 8 Phase 1 vs. Phase 2 FIT-PV projects (Sutherl, Armsby, Pascal-Boutin, McNabb, & Mangat, 2016) 
 PV Project-FIT Phase One Phase Two 
Arbitration Domestic arbitration 
only 
Domestic arbitration subject to offshore 
seat upon appeal 
Tariff price: 500KW 
to 20MW 
USD 13.6 cents/KWh USD 7.8 cents/KWh 
Tariff price: 20MW 
to 50MW  
USD 14.34 cents/kwh USD 8.40 cents/kwh 
Payment exchange 
rate terms 
15% at EGP 7.15 and 
85% pegged  
to the USD at due date 
rate 
30% at EGP 8.88 and 70% pegged to the 
USD at due date rate 
 
Table 9 Households and small commercial FIT pricing adjustments (The Economist, 2016) 
 PV Project-FIT Phase One Phase Two 
Households 84.8 Piasters/KWh 102.9 Piasters/KWh 
Commercial up to 500 KW 90.1-97.3 Piasters/KWh 108.5 Piasters/KWh 
It can be noticed that the rise in households’ incentives reflects the devaluation of Egyptian currency 
while the decrease in US incentives reflects the currency floating impact. The Egyptian government has 
offered to 1st phase investors to switch to 2nd phase program in return of opting international arbitration 
advantage (The Economist, 2016). 
2.4.2.4. Phase two concerns 
Investors are dissatisfied with the reduced incentives especially it doesn’t reflect the devaluation of the 
Egyptian pound after the floating decision, therefore the profit out of such investment is questionable. 
Still, imposing an obligatory quota of 70% of investment to be from international funds is still affecting 
the decision of investing in FIT projects. Even though, the quota has been reduced by 15% in 
comparable with the first phase (Hafez, 2017). 
2.4.2.5. The end of the Egyptian FIT 
 
Although, after investing 31 new companies in second phase of FIT, the minister of Electricity and 
Renewable Energy Mohamed Shaker declared in July 2017 that there won’t be a phase three. Instead, 
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the minister announced that in the future, the private sector will be capable of submitting individual 
requests to link to the national grid, after the approval of Egyptian Electricity Transmission Company,  
The government believes that this tender system is a way better than FIT, by offering the lowest free 
market electricity prices. The government declared that the role of FIT has been ended, which lasted for 
3 years, by covering 40%-50% of electricity deficit and any further private projects will be implemented 
under the sponsorship of new tender system (Hafez, 2017). 
2.4.3. The Egyptian NEM scheme 
At the 1st quarter of 2017, Egypt has approved new modifications for NEM program, which was 
introduced in 2013, under the following conditions; 
 PV system capacity is limited to 500 kW for all users 
 The electricity metering cost is charged by the NEM user 
 The government pays for any excess in solar electricity imported to the electricity grid 
(Renewable energy credit-REC) based on the equivalent net tier, or being carried over for the 
following months in case there is repetitive surplus from the NEM system 
 At the end of the year, the government will buy the annual surplus electricity at the average cost 
of electricity production (the avoiding cost) for 2016-2017, which is equal to 68.9 piaster for 
every kWh. The purchasing price is annually updated based on the average cost of production for 
both new and existing NEM users (The Electric Regulatory Agency, 2017). 
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3.  Methodology  
 
This section will outline the methodology of examining which of the three assumptions (FIT, NEM, or 
Bank savings) is more rewarding for residents to offset their electricity bills. 
First it is essential to pinpoint the percentage of householders that consume electricity above 1000 kWh, 
who are most likely to participate in solar PV to offset their electricity bills as these tiers are charged by 
135 Egyptian piaster per kWh. Based on the Egyptian ministry of electricity and renewable energy for 
year 2017-2018, this tier is amounted by 2.6% of the total electricity consumption in Egypt (equal to 4.5 
billion kWh), which includes about 300,000 households. The study handles residential sector because it 
is the highest consuming category by 47.10% of the total electricity consumption as shown in Fig 18 
(Electricity Selling Price for Monetary Year 2017-2018, 2017). 
 
Figure 18 Electricity consumption in Egypt (Electricity Selling Price for Monetary Year 2017-2018, 2017) 
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The concept is to conduct an economic study to highlight the optimal scenario to capture the highest 
benefits, primarily for residential electricity users and secondary for the Egyptian government to 
overcome the monetary deficit regarding the country’s role as energy provider. 
3.1. Thesis’s objectives recap 
 
To identify which of the solar energy schemes, feed in tariffs Vs. net metering, is more rewarding for 
residents in offsetting their electricity bills in Egypt. 
3.2. Methodology type 
 
The study is based on both qualitative and quantitative methodology; 
3.2.1. Qualitative case study 
Multiple-case study helps in discovering different findings within several cases that enables the 
researcher in formulating unbiased assumptions (Yin, 2003). Multiple-case studies is useful in dealing 
with multifaceted case in order to get less complex conclusion, it provides significant comprehension 
within the research case, as it permits the researcher to collect diversity of data sources which results in 
obtaining rich viewpoints and perceptions, that yields detailed comprehensive of concerns, challenges 
and cases (Baxter & Jack, 2008). 
In this study, the multiple-case studies focused on several European countries’ cases regarding solar 
electricity field under FIT scheme, which includes Germany, Spain, and, Italy. These 3 countries are 
ranked by the top 7 European countries that obtain the highest PV capacity installments, especially 
Germany which has long detailed FIT case since 1991. These countries have led the development of PV 
in Europe. On the other side, the United States is chosen to resemble the NEM scheme because it is one 
of the largest country that adopted this system, 47 states are using NEM under different systems which 
offers rich information about different NEM schemes. 
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3.2.2. Mathematical quantitative methods  
Quantitative method is used in obtaining objective measurements through collecting and analyzing 
numerical data to declare specific phenomenon. Data inputs can be collected from different methods 
such as questionnaires, or existing statistical data using mathematical methods (Labaree, 2010). 
Statistical and numerical data are gathered from official governmental reports, newspaper, websites and 
solar energy companies, in order to calculate the worthiness and the accreditation of each scenario 
(NEM, FIT, and standard utility consumption) in term of financial rewards and incentives for electricity 
end users. Hence, it is required to go through Net Present Value (NPV), Internal Rate of Return (IRR), 
and Break Even Point (BEP). The calculation outcomes would show whether the solar energy could be 
considered as an attempt to escape from electricity price booming or not. If yes, which solar scheme 
could offer the best deal. 
    3.2.2.1 Net present value (NPV) 
 
It is an equation which explains the present value of any investments as expressed below; 
 
Ci = net cash inflow during the period t 
Co = total initial investment costs 
r = discount rate 
t = time periods  
NPV is required to anticipate the future profit of an investment. If the NPV is negative, this means it is 
better to abandon the investment. Therefore the NPV must be positive outcome (Net Present Value 
Formula and Calculator, 2017). 
3.2.2.2. Internal rate of return 
It is a discount rate that turns the NPV into 0 to calculate the probable profits of an investment 
(INVESTOPEDIA, 2017): 
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Where: 
Cn = net cash inflow during the period n 
Co= total initial investment costs 
r = discount rate 
n = time in years 
 
3.2.2.3. Break Even Point (BEP) 
It shows the required time and revenue in order to cover initial, fixed and variable costs (Averkamp, 
2017). 
3.3. Research approach 
Deductive approach is adopted as the study is depended on testing different theories, based on 
hypothesis while emphasis cause and effect methodology (Gabriel, 2013).The general cause of the thesis 
is to declare the power of feed in tariffs and net metering policies in deploying solar energy in electricity 
market, while highlighting the effect of each policies in achieving the required solar energy quota. 
3.4. Source of data collection 
 
Two types of data collection are conducted; 
3.4.1. Primary data 
Primary data are gathered by the researcher for particular research. Primary data are mainly collected 
through observation, experiment, interviews, and surveys. Yet, there are still other types of sources as 
type of primary data is dependent on the targeted objectives of the research (Primary Data Source, 2010; 
Types of Primary Data 2013). 
Primary data sources are driven from: 
Interview: there was a need for interviewing the previous chairman of Egypt’s New & Renewable 
Energy Authority (NREA), who is the expert in renewable energy field to testify the thesis objectives of 
inducing solar energy in Egyptian energy market. 
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Seminars attendance: mainly from “Bayt Al Sinnari seminars” that are usually conducted every 
Tuesday at the beginning of every month, to discuss renewable energy field in Egypt. Last seminar 
attended was on 31/10/2017, the main speaker was Dr. Mohamed El Khayeat, the current chairman of 
NREA. 
Solar energy companies visits: it was essential to contact solar energies companies to collect actual 
market prices for PV system installation to be used in mathematical experiment. 
Mathematics experiments:  Mathematics experiments are considered one of the most trustworthy 
source of primary data in scientific research, experiments are useful technique in testing several 
hypotheses to help in accepting or rejecting the proposed hypotheses. The outcomes of the conducted 
experiments are formulating the end result unbiased conclusion (Types of Primary Data 2013). 
3.4.2. Secondary data 
Secondary data are mainly gathered from: 
Published Data: Journals, newspapers, publications, and theses. 
Official Government Reports: Statistical and census data. 
Websites. 
3.5. Tariffs 
 
In this research, 3 tariffs are considered: 
 First; feed in tariffs, in which solar electricity production will be sold according to the 
government agreement. Homeowners will generate electricity and sell the whole generated 
electricity to the Egyptian government based on FIT incentive, while paying the consumed 
electricity from the national grid separately 
 Second; net metering, house-owners will generate electricity from solar power to offset their 
electricity bills, by allowing users to generate partially or completely their own electricity 
without selling their surplus of electricity. And,  
 Third; home users will continue consuming conventional electricity apart from solar energy and 
pay their utility bills to the government as currently, accompanied with gradual increase in 
energy price due to gradual decrease in energy subsidies until full elimination of subsidies 
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3.6. Research limitations  
 
The main limitation is the lack of data addressing the progress and achievement of feed in tariffs and net 
metering programs in Egypt. In addition, most of the literature reviews are mainly lecturing developed 
countries which are characterized by completely different circumstances apart from Egypt in terms of 
sun intensity, weather, economy, development, etc. 
The study is restricted to economic values rather than PV system manufacturing and technicalities due to 
author’s business background. 
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4. Economic data analysis 
 
This section will explain how each input has been calculated and selected in order to make the needed 
financial equations.  
4.1. Electricity price forecasting 
 
Since July 2014, the government have decided to cut electricity subsidies until 2018 (The official 
newspaper, 2017). However, the plan has been extended to 2022 (Electricity Selling Price for Monetary 
Year 2017-2018 2017). Therefore, the electricity prices for different tiers are on continuous increase 
until full removal of energy subsidies. The government has set up the electricity prices 5 years plan in 
advance in 2014 as shown in Table 10. In this study, we are concerned with 1 tier only- above 1000 
kWh. 
Table 10 the governmental plan increase in electricity price for above 1000 kwh tier from 2014-2018 (The official 
newspaper, 2017) 
Year Planed price in LE/KWh 
2014-2015 0.74 
2015-2016 0.78 
2016-2017 0.81 
2017-2018 0.86 
 
The anticipated plan had matched successfully the actual prices for the first 2 years only. But since the 
International Monetary Fund (IMF) has shown up with the $12 billion 3 years loan to Egypt in 2016, a 
diversion has occurred in the plan. Table 11 shows the diversion between planned Vs. Actual prices. 
Table 11 Prices diversion between planned Vs. Actual prices-Tier above 1000 kWh/Month 
Year 
Planed price in 
LE/KWh 
Actual price in 
LE 
 Actual - planned 
= 
 Diversion 
% 
Actual annual 
increase % 
2014-2015 0.74 0.74 0 LE 0%  
2015-2016 0.78 0.78 0 LE 0% 5.10% 
2016-2017 0.81 0.95 0.14 LE 14.70% 17.90% 
2017-2018 0.86 1.35 0.49 LE 36.30% 29.60% 
2018-2019 0.86 Expected=? ? ?  
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At this stage, we will go through 3 anticipated electricity prices for the coming 4 years. The first 
forecasting will be based on average increase of prices since the subsidies plan has started (Conservative 
forecasting). While the second forecasting will be calculated after the International Monetary Fund took 
place, as it was the main driver for price diversion for the last 2 years (Aggressive forecasting). Lastly, 
the third forecasting will be the average of both conservative and aggressive assumptions, see Table 12. 
Ultimately, the 3 estimated prices for the coming years are; 
Table 12 the three estimated price increase till 2022 
Average annual increase since 
2014 till present = 17.5% 
(Conservative forecasting) 
Average annual  increase since 
the IMF loan in 2016 = 23.75% 
(Aggressive forecasting) 
The average of both 
“Conservative” and “Aggressive” 
forecasting = 20.6%  
 
4.2. Interest rate 
 
On July 2017, the Central Bank of Egypt has upraised the interest rate as an attempt to imitate the 
inflation. The interest rate has been increased for the third time by the Central Bank since November 
2016. The average rate of interest in between 1991-2017 is 11.61% (EgyptToday, 2017). The current 
highest interest saving rate is 20% at the National Bank of Egypt (ArabFinance, 2016), the interest rate 
is expected to decrease to 18.75% and 16 at the end of 2017 and 2018, respectively. While in 2020, it is 
forecasted to decrease to 11.75% (EgyptToday, 2017). Fig 19 shows the historical interest rate which 
indicates the interest rate was significantly increased along with the IMF loan. 
 
 
Figure 19 the historical interest rate (TradingEconomics, 2017) 
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4.3. Inflation rate 
 
From 1958 till 2017, the average inflation rate in Egypt has recorded 9.31%. While from 2008 till 2017, 
the average inflation rate has reached 11.01%. Keeping in mind since 2008, the highest inflation rate has 
taken place in July 2017 by 35.26%. It is anticipated that inflation rate will remain at 15.20% within a 
year. And likely, to decrease to 9.5% in 2020 (TradingEconomics, 2017). Fig 20 illustrates the inflation 
rate within 2016 and 2017. 
 
Figure 20 Egypt inflation rate (TradingEconomics, 2017) 
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5. Solar panels system cost and production 
 
A detailed explanation will be discussed regarding the cost of the PV cost versus the production 
capacity. 
5.1. Solar system installation cost 
 
The PV system cost for producing roughly 1000 kWh per month is EGP 155816.65 as shown in Table 
13 (Official offer from solar energy company in Appendix A) 
Table 13 Roof top plant cost of capacity 7.5 KWp- 1600 KWh annually (Including grid connection fees) 
 
       Roof-Top Project   
Description  Quantity Unit Price (EGP) Total Price (EGP) Total Price(USD) 
PV Panels (#1) 325 Wp 23 EGP   2,632.18 EGP  60,540.03 $3,401.13  
Inverters (#1) Symo 6  1 EGP   27,412.00 EGP  27,412.00 $1,540.00  
PV Mounting System (#1) 7.5 EGP   1,664.30 EGP  12,482.25 $701.25  
Cables (including Earthing) 1 EGP   4,679.45 EGP  4,679.45 $262.89  
Accessories and  Connections 1 EGP   4,674.04 EGP   4,674.04 $262.59  
AC Panel 1 
EGP                          
10,000.00 
EGP              
10,000.00 
$561.80  
Monitoring System 1 
EGP                          
10,000.00 
EGP              
10,000.00 
$561.80  
  
  Total supplies 
         EGP        
129,787.76 
$7,291.45  
  
  Installations 
         EGP           
9,085.14 
$510.40  
  
  
Grand total 
before tax 
         EGP        
138,872.91 
$7,801.85  
  
  VAT 
         EGP           
6,943.65 
$390.09  
  
  
Grand total 
after tax 
         EGP        
145,816.65 
$8,191.94  
 
 
Grid 
connection 
fees 
         EGP          
10,000 
 
 
 Overall cost 
         EGP        
155816.65 
 
 65 
 
It is worth to mention that connectivity to the grid has saved up to 62,000 LE. As the average cost of 
battery reaches 40% to 50% of the total PV system price (Comello, Reichelstein, & Sahoo, 2017). 
5.2. Solar PV productivity 
 
Based on 3 different PV companies, Table 14 shows that the production of PV starts with 97.5% from 
the first year and decrease annually by 0.7% until it reaches 80% after 25 years (Jinko, 2017; 
SUNTECK, 2017; Q CELLS, 2017). 
Table 14 PV Degradation 
 
 
(Detailed explanation of PV degradation along 25 years from 3 different suppliers in Appendix B) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PV Degradation 
Initial PV production (1st year) 97.50% 
Annual production decrease 0.70% 
Aggregate production after 25 years 80.20% 
 66 
 
6. NPV, IRR, and BEP calculations process 
 
In all calculations, there are several constant facts will be taken into consideration in order to set 
unbiased calculations; 
 The initial start of solar panel system starts at 97.5% efficiency instead of 100% 
 Annual degradation of PV panels is 0.7%, until it stops at almost 80% after 25 years of 
production 
 The calculation includes monthly PV system operation expenses which is about 2% of 
the PV initial cost, 2% of 145,816 LE, without including the cost of grid connection. 
However, the monthly expense is a considered to be 300 LE instead of 243 LE, to cover 
any unforeseen expenses 
 In reference to 2 previous sections, the data inputs for NPV, IRR and BEP calculations will be at 3 
different assumptions for NEM and FIT scenarios as the following; 
6.1. Conservative calculation 
 
The calculation will be set at the highest interest bank rate and the lowest expected inflation rate, while 
keeping the lowest percentage of electricity price increase, as shown in Table 15.  
Table 15 Conservative calculation input data 
Conservation calculation 
Electricity increase %  until 2022 17.50% 
Inflation rate 9.50% 
Interest rate 20% 
 
6.1.1. Conservative calculations for Net metering scenario 
The below equation used in Table 16 to calculate the total net profit within the life cycle of PV system 
(25 years); 
The total net profit = ∑ (price of kwh × total kwh produced by PV) – the monthly operation cost 300 LE × 
12 months 
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Table 16 Total net profit calculation for NEM- conservative assumption 
(Appendix C declares the detailed NPV calculations for all scenarios and total net profit for NEM under average 
assumption) 
Table 17 shows the estimated NPV, IRR, and BEP under conservative assumption. The IRR difference 
is only 0.5% more than bank interest rate, but still all results are in favor of NEM scheme. 
Table 17 Total calculations for NEM scenario under conservative assumption 
Conservative calculations for NEM scenario 
NPV 5,612 LE NPV is  a positive value 
IRR 20.50% IRR is higher than IR by 0.5% 
BEP 6 years and 6 months Initial cost is covered after 6 years and 6 months 
Years/ 
price in 
LE 
Expected 
tariff 
increase 
Price 
per 
kWh 
Solar production 
degradation/year 
Capacity in 
LE/month  
Operation cost 
deduction/month 
(300 LE) 
Total net 
profit/Year 
LE 
1 17.50% 1.59 975 1547 1247 14959 
2 17.50% 1.86 968 1805 1505 18054 
3 17.50% 2.19 961 2105 1805 21666 
4 17.50% 2.57 955 2457 2157 25879 
5 9.50% 2.82 948 2671 2371 28454 
6 9.50% 3.09 941 2904 2604 31253 
7 9.50% 3.38 935 3158 2858 34297 
8 9.50% 3.70 928 3434 3134 37607 
9 9.50% 4.05 922 3734 3434 41206 
10 9.50% 4.44 915 4060 3760 45119 
11 9.50% 4.86 909 4414 4114 49374 
12 9.50% 5.32 902 4800 4500 54000 
13 9.50% 5.82 896 5219 4919 59031 
14 9.50% 6.38 890 5675 5375 64501 
15 9.50% 6.98 884 6171 5871 70448 
16 9.50% 7.65 877 6710 6410 76915 
17 9.50% 8.37 871 7296 6996 83947 
18 9.50% 9.17 865 7933 7633 91593 
19 9.50% 10.04 859 8626 8326 99907 
20 9.50% 10.99 853 9379 9079 108947 
21 9.50% 12.04 847 10198 9898 118776 
22 9.50% 13.18 841 11089 10789 129464 
23 9.50% 14.43 835 12057 11757 141085 
24 9.50% 15.80 830 13110 12810 153721 
25 9.50% 17.31 824 14255 13955 167460 
    
  1,767,665 
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6.1.2. Conservative calculations for Feed in tariffs scenario 
The below equation is used in Table 18 to calculate the total net profit within the life cycle of PV system 
(25 years); 
The total net profit = ∑ (fixed price of FIT incentive 1.03 LE × total kWh produced by PV) – the monthly 
operation cost 300 LE × 12 months 
Table 18 Total net profit calculation for FIT- conservative assumption 
Years
/ 
price 
in LE 
Expecte
d tariff 
increase 
Price 
per 
kWh in 
LE 
Solar production 
degradation/yea
r 
kWh 
Capacity in LE/month  
FIT selling price in 1.03 
LE/kWh   
Operation cost 
deduction/month 
Total net 
profit/Year 
1 17.50% 1.59 975 1004 704 8451 
2 17.50% 1.86 968 997 697 8367 
3 17.50% 2.19 961 990 690 8283 
4 17.50% 2.57 955 983 683 8200 
5 9.50% 2.82 948 976 676 8117 
6 9.50% 3.09 941 970 670 8035 
7 9.50% 3.38 935 963 663 7954 
8 9.50% 3.70 928 956 656 7873 
9 9.50% 4.05 922 949 649 7792 
10 9.50% 4.44 915 943 643 7713 
11 9.50% 4.86 909 936 636 7634 
12 9.50% 5.32 902 930 630 7555 
13 9.50% 5.82 896 923 623 7477 
14 9.50% 6.38 890 917 617 7399 
15 9.50% 6.98 884 910 610 7322 
16 9.50% 7.65 877 904 604 7246 
17 9.50% 8.37 871 897 597 7170 
18 9.50% 9.17 865 891 591 7094 
19 9.50% 10.04 859 885 585 7020 
20 9.50% 10.99 853 879 579 6945 
21 9.50% 12.04 847 873 573 6871 
22 9.50% 13.18 841 867 567 6798 
23 9.50% 14.43 835 860 560 6725 
24 9.50% 15.80 830 854 554 6653 
25 9.50% 17.31 824 848 548 6581 
            187275 
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Table 19 shows that FIT isn’t an accepted scenario under conservative assumption. 
Table 19 Conservative calculations for FIT scenario 
Conservative calculations for FIT scenario 
NPV -115,922 LE NPV is  negative value 
IRR 1.50% IR is incredibly higher 
BEP 20 years  Initial cost is covered after 20 years 
 
Therefore, by collecting the whole calculations for the 2 scenarios under “Conservative forecasting”, the 
best choice is NEM, followed by bank investment, while FIT is the least option (see Table 20). 
Table 20 Total Conservative calculations 
Conservative assumption 
  NEM FIT Bank savings 
NPV 5,612 -115,922  
IRR 20.50% 1.50% 20% 
BEP 6 Y 6 M 20 Y  
 
6.2. Aggressive calculation 
 
The calculation will be set at a lower interest bank rate which is forecasted in 2018, higher expected 
inflation rate (average from 2008 to 2017) and the highest percentage of electricity price increase 
estimation as shown in Table 21. 
Table 21 Aggressive calculation input data 
Aggressive calculation 
Electricity increase %  until 2022 23.75% 
Inflation rate 11% 
Interest rate 16% 
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6.2.1. Aggressive calculations for Net metering scenario 
The total net profit in Table 22 is higher than the conservative assumption, because NEM reflects the 
current market price of electricity, which is one of the main advantage of NEM system. The higher 
electricity price, the better investment achieves. 
Table 22 Total net profit calculation for NEM- Aggressive assumption 
Years/ 
price 
in LE 
Expected 
tariff 
increase 
Price per 
kWh 
Solar production 
degradation/year 
Capacity in 
LE/month  
Operation cost 
deduction/month 
Total net 
profit/Year 
1 23.75% 1.67 975.00 1628.86 1328.86 15946.31 
2 23.75% 2.07 968.18 2001.60 1701.60 20419.24 
3 23.75% 2.56 961.40 2459.65 2159.65 25915.75 
4 23.75% 3.17 954.67 3022.50 2722.50 32670.05 
5 23.75% 3.92 947.99 3714.17 3414.17 40970.00 
6 11.00% 4.35 941.35 4093.87 3793.87 45526.39 
7 11.00% 4.83 934.76 4512.38 4212.38 50548.59 
8 11.00% 5.36 928.22 4973.68 4673.68 56084.20 
9 11.00% 5.95 921.72 5482.14 5182.14 62185.71 
10 11.00% 6.60 915.27 6042.58 5742.58 68910.98 
11 11.00% 7.33 908.86 6660.32 6360.32 76323.78 
12 11.00% 8.13 902.50 7341.20 7041.20 84494.39 
13 11.00% 9.03 896.18 8091.69 7791.69 93500.28 
14 11.00% 10.02 889.91 8918.90 8618.90 103426.84 
15 11.00% 11.12 883.68 9830.68 9530.68 114368.20 
16 11.00% 12.35 877.49 10835.67 10535.67 126428.08 
17 11.00% 13.71 871.35 11943.40 11643.40 139720.85 
18 11.00% 15.21 865.25 13164.38 12864.38 154372.55 
19 11.00% 16.89 859.19 14510.17 14210.17 170522.08 
20 11.00% 18.75 853.18 15993.55 15693.55 188322.58 
21 11.00% 20.81 847.21 17628.57 17328.57 207942.82 
22 11.00% 23.10 841.28 19430.74 19130.74 229568.85 
23 11.00% 25.64 835.39 21417.14 21117.14 253405.70 
24 11.00% 28.46 829.54 23606.62 23306.62 279679.39 
25 11.00% 31.59 823.73 26019.92 25719.92 308639.04 
            2949892.66 
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Table 23 summarizes the positive outcome of NEM system; 
 
Table 23 Total calculations for NEM scenario under aggressive assumption 
Aggressive calculations for NEM scenario 
NPV 147,338 LE NPV is  a positive value 
IRR 24% IRR is higher than IR by 8% 
BEP 5 years and 7 months Initial cost is covered after 5 years and 7 months 
 
6.2.2. Aggressive calculations for Feed in tariffs scenario 
No major changes occurred as the FIT compensation is constant at fixed rate apart from electricity price, 
the NPV has changed as it is dependent on IR, as shown in Table 24. 
Table 24 Aggressive calculations for FIT scenario 
Aggressive calculations for FIT scenario 
NPV -107,086 LE NPV is  negative value 
IRR 1.50% IR is incredibly higher 
BEP 20 years  Initial cost is covered after 20 years 
 
Again, by collecting the whole calculations for the 2 scenarios under “Aggressive forecasting”, the best 
choice is NEM, followed by bank investment, while FIT is the least option, as shown in Table 25. 
Table 25 Total Aggressive calculations 
Aggressive assumption 
  NEM FIT Bank savings 
NPV 176,223 LE -107,086  
IRR 25.50% 1.50% 16% 
BEP 5 Y 6 M 20 Y  
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6.3. Average calculations 
 
Table 26 shows the average calculations data of both “Conservative & Aggressive”.   
Table 26 Average calculation input data 
Average calculation 
Electricity increase %  until 2022 20.6% 
Inflation rate 10.25% 
Interest rate 18% 
 
6.4. Calculations conclusion 
 
 Within the 3 assumptions, NEM has provided the optimal investment, while FIT represented the poorest 
investment (see Table 27 for the total calculations under the 3 assumptions) 
Table 27 the total calculations under the 3 assumptions 
  NPV IRR BEP 
  Cons Agg Aver Con Agg Aver Con Agg Aver 
NEM 5,612 147,338 
LE 
62,399 
LE 
20.50% 24% 22% 6 Y 6 M 5 Y 7 M 6 Y 
FIT -115,922 
LE 
-107,086 
LE 
-111,916 
LE 
1.50% 1.50% 1.50% 20 Y 20 Y 20 Y 
IR       20% 16% 18% 
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7. Conclusion 
 
In reference to countries’ case studies stated in the literature review, it can be concluded that there is no 
specific or fixed remedy for implementing renewable solar electricity. Any approach has its own pros 
and cons outcomes, for example, deploying high incentive or overpriced reward will perfectly help in 
disseminating solar electricity. On the contrary, this is likely to occur at the expense of both social and 
economic welfare, leading to budget deficit for either government or utility companies, which crash and 
burden the whole situation especially when it is related to important sector as energy field. 
To some extent, policy interventions and long planned strategies in electricity sector usually fail, as long 
as the interventions are based on imposed concept either by force or incentive, rather than introducing 
solar electricity technology smoothly and rationally. Especially when it comes in competing the most 
existing dominant source of energy, fossil fuels, centuries ago. It can be determined that any intervention 
in a form of subsidies or incentives, in favor of any type of energy leads to unsustainable circumstances. 
Regarding the Egyptian case, the country has ultimately paid a huge price for energy policy intervention 
in subsiding electricity/energy. Nowadays, the whole society is paying for the accumulation of 
electricity-energy subsidies for decades. However, corrective procedures are taking place currently in 
eliminating subsidies to let all types of energy compete freely. 
Accordingly, introduction of solar electricity in the Egyptian market must be grounded on “What's in it 
for me?” concept which has to tackle benefits for all type of stakeholders, without affecting any party in 
the society. This concept is mainly driven from sustainable development theory, in order to sustain the 
continuity of any project, it has to yield benefits for the 3 main pillars; Society, Economy, and 
Environment, the absence of any of these pillars guarantees an inevitable end. 
This study included only a specific residential tier- above 1000 kWh, because according to the recent 
situation, the targeted tier is affected badly by the current electricity prices. Therefore, this tier is more 
likely to participate in solar electricity as an alternative cheaper source. On the other side, the proposed 
study argues to give a serious attention for considering this tier as pilot experimental phase for solar 
electricity implementation. By targeting 300,000 householders, this will help in creating PV market in 
Egypt which will eventually lead to cost reduction, as other countries experienced. By then, it will be a 
 74 
 
good opportunity for local PV manufacturing entrance, to offer more suitable installation cost for the 
rest of tiers.  
In the light of mathematical conclusion, the optimum approach for Egypt is “Net metering” scheme, this 
system offers the fairest program as it isn’t limited on specific time, plus it provides the current market 
price for both user and electricity provider. The mathematical outcomes showed that NEM is the best 
option for investment and offsetting/eliminating electricity bills for above 1000 KWh residential tier, 
without burdening the electricity grid. But according to other countries’ experience, some modifications 
are essential in NEM system to avoid repeating same mistakes. The suggested modifications are stated 
in the following section. 
 
7.1. The proposed NEM system 
 
Net metering has to take the below recommendations into consideration in order to avoid other 
countries’ mistakes. 
7.1.1. Self-consumption 
The suggested NEM system is built on purely self-consumption without any kind of compensation or 
incentives. The logic incentives are the system already provides the opportunity of running away from 
the expensive electricity price which will be on continuous increase, plus the connectivity to the 
electricity grid saves substantial cost for NEM system by giving up on battery cost and its 
predeterminations. Any surplus in electricity (REC) should be carried over for the coming months 
without compensation. 
7.1.2. Capacity size of the NEM system 
The system shouldn’t be restricted to a limited scale. Especially in the absence of surplus compensation, 
there wouldn’t be any rational reason for maximizing the system production. However to guarantee grid 
stability, the capacity will be set according to the annual average electricity consumption of the 
premises, which can be upgraded based on average annual consumption. 
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7.1.3. Virtual net metering 
It would be a bonus if VNM is allowed, as based on personal observations, the Egyptian architect design 
doesn’t always permit solar rooftop installations as shown in Fig 21. Through VNM, Egypt would be 
able to benefits from chalets at resorts that are occupied for only a couple of months and abandoned the 
rest of year. Taking into consideration, the production of PV in areas as North Coast, where the heat is 
lessen, is a way better than Cairo, Figure 22 shows the average annual temperature in North Coast zone. 
So by following the concept of hitting 2 birds with a stone, VNM at chalets rooftops will allow PV 
installations without causing aesthetic problem and wildlife threats- which is one of the major concerns 
against PV. 
 
Figure 21 the Egyptian architect design (Agence France-Presse, 2014) 
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Figure 22 Annual average temperature in North Coast (WorldWeatherOnline, 2018) 
7.1.4. Fixed monthly fee for grid services 
Imposing monthly charge for grid connectivity for all electricity users same as landline service, the 
reason behind is not to burden other non-NEM users. Consequently, all users will pay the fixed grid fees 
fairly apart from energy production cost. 
7.1.5. Periodically maintenance check 
The PV system must be accompanied with guaranteed maintenance service to ensure the endurance of 
production. Because in case the PV was broken down, this means the user will consume more electricity 
from the grid which may disturb the grid due to unplanned extra consumption. (Calculations at chapter 
10 included PV operation expenses in the equations) 
7.1.6. Annual quota revision 
To revise annual NEM implementations to revise and monitor any unplanned outcomes. The approval of 
any NEM should be revised annually to check new requests approvals, and existing systems whether 
they are on track or not, to avoid any unpleasant surprises. 
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7.2. Timescale 
 
The first phase of FIT mega projects in Egypt producing 64 MW, are anticipated to operate at the end of 
2017 (Ola, 2017). FIT 1st phase has been launched since 2014,  so it can be noted mega projects take 
more time and sophisticated procedures than individual self-consumption system. According to the 
literature review, the annual capacity of individual PV installations was tremendously increasing year by 
year. 
7.3. Recommendations of the previous chairman of NREA 
 
1. Switching the role of government from electricity service provider to merely service regulator 
The low contribution of renewable energy share in the Egyptian energy mix, is mainly because the 
Egyptian policy restricted the responsibility of generating electricity to the government, to be the only 
service provider while same time, the country doesn’t have the financial feasibility to invest in RE 
technology. Additionally, Egypt didn’t devote any backing from the general government budget to the 
RE projects. Yet, the policy has been changed currently to allow private sectors in generating electricity. 
Thus, it is very important for the country to give up on its role as a service provider, and to delegate the 
private sector to generate the electricity based on renewable resources, and to provide the service 
directly to the end user customer without any medium. Still, the country has to regulate and supervise 
the whole process under the supervision of NERA. 
1. a. Thesis alignment  
Based on the Egyptian ministry of electricity and renewable energy 2017 report, the subsidy amount for 
electricity sector in 2016-2017 was planned to be LE 29,999 billion. However because of floating the 
Egyptian pound, the subsidized amount has increased to LE 64,000 billion at average currency change 
14.4 LE/USD. While for 2017-2018, the electricity subsidy is planned to be LE 82.8 billion at average 
currency change 14.4 LE/USD, or LE 72.5 billion if the average currency change is 16 LE/USD 
(Electricity Selling Price for Monetary Year 2017-2018, 2017). Accordingly by implementing NEM 
system, the electricity production will start the end users’ edge, leading to reduction of electricity 
production at the source. Putting it differently, NEM will help in converting electricity production from 
“Down-stream” to “Up-stream”, while  decreasing government responsibility regarding electricity 
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production and reducing the cost of electricity generation, as it is obvious that the end user will bear the 
whole real cost of production after full elimination of subsidy in 2022. 
In the long run, this system may result in full delegation of electricity generation to private sectors or 
individuals, while restricting the role of government in only regulation and supervision. 
 
2. Renewable energy obligatory quota 
The policy has to create an obligatory quota of electricity to be generated from renewable resources on 
all different industries and sectors. 
2. a. Thesis alignment  
 
NEM system is merely about self-consumption, the proposed system is to construct PV system which is 
equivalent to annual average consumption. The study showed the benefits of using PV system over 
using the electricity grid prices, thus the system should encourage the users of using self-consumption 
scheme rather than specific quota. 
3. The uncertainty FIT scheme effectiveness 
FIT effectiveness depends on whether the incentive would remain appealing along the contract period or 
not without burdening the country with more debits. Therefore, an experimental period is needed first to 
test the waters instead of submitting a long term contracts. 
3. a. Thesis alignment  
The proposed NEM system doesn’t offer any incentives from the government side, in order not to 
burden either the government or electricity users with massive incentives, as discussed in the literature 
review section. Same time, NEM system already offers 2 main incentives; first, the system offers 
cheaper electricity price, second, grid connectivity saves the significant cost of battery which is the main 
barrier for PV installation. Plus, the proposed study suggests to conduct a pilot phase for specific 
residential tier as a start, before generalizing the system for all users including commercial and industrial 
sectors. Besides, the system isn’t restricted to a long contract agreement. 
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4. National manufacturing of solar panels  
The cost of renewable energy is decreasing due to the international development and the increased 
capacity of the international RE market. Therefore Egypt needs an aggressive consideration in either 
formulating a plan to enter RE industry, or to concentrate on a specific stage in RE industry to create a 
competitive advantage, so Egypt can compete both locally and internationally. The devaluation of the 
Egyptian currency could be an advantage to manufacture our own technology instead of importing, but 
there is a need to study the price of different tiers of electricity among the society, to decide which tier to 
target and can create a real market for local RE industry. 
4. a. Thesis alignment  
This study has provided a detailed electricity price forecasting, which helped in determining the targeted 
tier, above 1000 kwh tier, who are most likely to participate in PV system in the light of recent market 
price of PV installations vs. electricity prices. By targeting the mentioned tier, this will help in creating 
PV market which will eventually encourage local manufacturing in entering solar panels industry. 
Therefore, the cost of installations will decrease resulting in further encouragement from other tiers 
including different sectors to join solar electricity experiment.  
7.4. Future work 
 
 There is a need to interact with the targeted tier by several focus groups to test their awareness 
and acceptance regarding the existing solar energy programs, projection of electricity prices until 
2022, and the capability of PV in reducing/eliminating electricity bills 
 It is important to conduct further studies in finding solutions to overcome high capital cost and 
culture fear. Such as; installments, reasonable loans, or lease the PV system for the user at a 
fixed rent per month 
 Future work will include commercial and industrial sectors. Knowing that commercial electricity 
price is higher than residential sector 
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A. Formal PV offer from solar energy company  
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B. Detailed explanation of PV degradation along 25 years from 3 different 
suppliers  
 
 
(Jinko, 2017) 
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C. Detailed NPV calculations for all scenarios 
 
1) Net present value calculation for NEM under Conservative assumption 
 
Conservative-NEM-NPV calculation 
Initial investment 0 -155816.65 -155816.65 
  1 14959.13 12465.94 
  2 18054.32 12537.72 
  3 21665.72 12538.03 
  4 25879.41 12480.43 
  5 28454.00 11435.02 
  6 31253.43 10466.71 
  7 34297.36 9571.76 
  8 37607.12 8746.22 
  9 41205.95 7985.99 
  10 45119.08 7286.98 
  11 49373.96 6645.14 
  12 54000.44 6056.51 
  13 59030.97 5517.26 
  14 64500.85 5023.75 
  15 70448.44 4572.49 
  16 76915.46 4160.19 
  17 83947.27 3783.78 
  18 91593.21 3440.34 
  19 99906.91 3127.17 
  20 108946.69 2841.77 
  21 118775.95 2581.80 
  22 129463.66 2345.10 
  23 141084.77 2129.67 
  24 153720.82 1933.67 
  25 167460.43 1755.42 
    NPV 5,612 
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2) Net present value calculation for FIT under Conservative assumption 
 
Conservative-FIT-NPV calculation 
Initial investment 0 -155816.65 -155816.65 
  1 8451.00 7042.50 
  2 8366.64 5810.17 
  3 8282.88 4793.33 
  4 8199.70 3954.33 
  5 8117.10 3262.08 
  6 8035.08 2690.93 
  7 7953.63 2219.71 
  8 7872.76 1830.95 
  9 7792.45 1510.23 
  10 7712.70 1245.64 
  11 7633.51 1027.38 
  12 7554.88 847.33 
  13 7476.79 698.81 
  14 7399.26 576.30 
  15 7322.26 475.25 
  16 7245.81 391.91 
  17 7169.88 323.17 
  18 7094.50 266.48 
  19 7019.63 219.72 
  20 6945.30 181.16 
  21 6871.48 149.36 
  22 6798.18 123.14 
  23 6725.39 101.52 
  24 6653.11 83.69 
  25 6581.34 68.99 
    NPV -115922.5517 
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3) Net present value calculation for NEM under Aggressive assumption 
 
Aggressive-NEM-NPV 
0 -155816.65 -155816.65 
1 15946.31 13746.82 
2 20419.24 15174.82 
3 25915.75 16603.12 
4 32670.05 18043.38 
5 36377.94 17320.01 
6 40464.89 16608.50 
7 44969.64 15911.59 
8 49934.91 15231.42 
9 55407.79 14569.64 
10 61440.16 13927.48 
11 68089.21 13305.78 
12 75418.00 12705.13 
13 83496.01 12125.84 
14 92399.83 11568.03 
15 102213.90 11031.64 
16 113031.25 10516.49 
17 124954.46 10022.27 
18 138096.59 9548.59 
19 152582.23 9094.99 
20 168548.74 8660.95 
21 186147.50 8245.93 
22 205545.39 7849.32 
23 226926.32 7470.53 
24 250493.03 7108.92 
25 276468.96 6763.89 
  NPV 147,338 
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4) Net present value calculation for FIT under Aggressive assumption 
 
Aggressive-FIT-NPV 
0 -155816.65 -155816.65 
1 8451.00 7285.34 
2 8366.64 6217.78 
3 8282.88 5306.49 
4 8199.70 4528.62 
5 8117.10 3864.66 
6 8035.08 3297.94 
7 7953.63 2814.23 
8 7872.76 2401.39 
9 7792.45 2049.05 
10 7712.70 1748.34 
11 7633.51 1491.72 
12 7554.88 1272.72 
13 7476.79 1085.83 
14 7399.26 926.35 
15 7322.26 790.27 
16 7245.81 674.15 
17 7169.88 575.08 
18 7094.50 490.54 
19 7019.63 418.42 
20 6945.30 356.89 
21 6871.48 304.39 
22 6798.18 259.61 
23 6725.39 221.40 
24 6653.11 188.81 
25 6581.34 161.01 
  NPV -107,086 
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5) Net present value calculation for NEM under Average assumption 
 
Average-NEM-NPV 
0 -155816.65 -155816.65 
1 15448.77 13092.18 
2 19212.01 13797.76 
3 23718.70 14435.93 
4 29115.73 15017.57 
5 32216.61 14082.18 
6 35611.40 13191.58 
7 39327.95 12346.03 
8 43396.77 11545.20 
9 47851.24 10788.35 
10 52727.92 10074.43 
11 58066.82 9402.12 
12 63911.75 8769.94 
13 70310.68 8176.27 
14 77316.12 7619.42 
15 84985.56 7097.66 
16 93381.92 6609.23 
17 102574.11 6152.39 
18 112637.55 5725.42 
19 123654.84 5326.64 
20 135716.37 4954.41 
21 148921.12 4607.17 
22 163377.46 4283.39 
23 179204.00 3981.64 
24 196530.62 3700.51 
25 215499.50 3438.71 
  NPV 62,399 
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6) Net present value calculation for FIT under Average assumption 
 
Average-FIT-NPV 
0 -155816.65 -155816.65 
1 8451.00 7161.86 
2 8366.64 6008.79 
3 8282.88 5041.21 
4 8199.70 4229.31 
5 8117.10 3548.06 
6 8035.08 2976.45 
7 7953.63 2496.84 
8 7872.76 2094.45 
9 7792.45 1756.85 
10 7712.70 1473.62 
11 7633.51 1236.01 
12 7554.88 1036.68 
13 7476.79 869.46 
14 7399.26 729.19 
15 7322.26 611.53 
16 7245.81 512.83 
17 7169.88 430.05 
18 7094.50 360.62 
19 7019.63 302.38 
20 6945.30 253.54 
21 6871.48 212.58 
22 6798.18 178.23 
23 6725.39 149.43 
24 6653.11 125.27 
25 6581.34 105.02 
  NPV -111,916 
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7) Total net profit for NEM under average assumption  
Years/ 
price in 
LE 
Expected 
tariff 
increase 
Price 
per 
KWh 
Solar production 
degradation/year 
Capacity in 
LE/month  
Operation cost 
deduction/month 
Total net 
profit/Year 
1 20.60% 1.63 975 1587 1287 15449 
2 20.60% 1.96 968 1901 1601 19212 
3 20.60% 2.37 961 2277 1977 23719 
4 20.60% 2.86 955 2726 2426 29116 
5 10.25% 3.15 948 2985 2685 32217 
6 10.25% 3.47 941 3268 2968 35611 
7 10.25% 3.83 935 3577 3277 39328 
8 10.25% 4.22 928 3916 3616 43397 
9 10.25% 4.65 922 4288 3988 47851 
10 10.25% 5.13 915 4694 4394 52728 
11 10.25% 5.65 909 5139 4839 58067 
12 10.25% 6.23 902 5626 5326 63912 
13 10.25% 6.87 896 6159 5859 70311 
14 10.25% 7.58 890 6743 6443 77316 
15 10.25% 8.35 884 7382 7082 84986 
16 10.25% 9.21 877 8082 7782 93382 
17 10.25% 10.15 871 8848 8548 102574 
18 10.25% 11.19 865 9686 9386 112638 
19 10.25% 12.34 859 10605 10305 123655 
20 10.25% 13.61 853 11610 11310 135716 
21 10.25% 15.00 847 12710 12410 148921 
22 10.25% 16.54 841 13915 13615 163377 
23 10.25% 18.24 835 15234 14934 179204 
24 10.25% 20.10 830 16678 16378 196531 
25 10.25% 22.17 824 18258 17958 215499 
            2164716 
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D. IRB Approval 
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E. Interview with the previous chairman of Egypt’s New & Renewable Energy 
Authority (NREA) 
 
a) What were the circumstances that triggered the timing of founding NREA? 
Globally in 70’s, there was serious attention towards the importance of renewable energy to substitute fossil 
fuels as source of energy. While on the local side, the economic feasibility of renewable energy was unattractive 
in Egypt due to its weak economic situation, however NREA was founded to pave the way for future 
consideration and preparation for RE in Egypt. Moreover, NREA helped in calling international corporation, 
experience, and funds in the field of renewable energy such as Atlas for solar energy, wind energy and other 
resources. Which triggered an international consideration to establish laboratories to test the potentiality of 
solar, wind and biomass energies, specifically agricultural wastes. It is worth mentioning that establishing the 
NREA had nothing to do with any oil problem nor shortage as Egypt was having enough conventional reserves, 
on contrary, other European countries were facing the international energy crisis in 1973.  
b) What are the main achievements of NREA up to date, taking into consideration the low 
contribution of RE in the Egyptian energy mix? 
First, the successful achievement of NREA was to collect all the experts and specialists in the field of renewable 
energy under one umbrella and act as a unified single entity, NREA, instead of having disseminated efforts 
scattered among different entities and ministries.  
Regarding the low contribution of renewable energy share in the Egyptian energy mix, since 70’s, the Egyptian 
government has given serious consideration and encouragement towards renewable energy. However, any 
progression was conditioned by international cooperation and funds because Egypt doesn’t have the luxury to 
spend on renewable energy. Furthermore, fossil fuels were much cheaper than spending on RE. Consequently, 
there wasn’t a solid road map for RE implementation. Yet, it was possible to utilize the solar energy in traditional 
primitive way to avoid substantial expenditure such as dried fruits industry. But unfortunately, the 
implementation was only limited to small training centers and demo projects. Moreover, the absence of 
research & development and the lack of individuals’ interest to substitute have contributed to this lagging 
behind, as again the price of traditional fossil fuels was too low to look for another substitutes. Additionally, the 
Egyptian policy restricted the responsibility of generating electricity to the government, to be the only service 
provider. While same time, the country doesn’t have the financial feasibility to invest in RE technology. 
Additionally, Egypt didn’t devote any backing from the general government budget to the RE projects. Yet, the 
policy has been changed currently to allow private sectors in generating electricity.  
 
 
c) What are the main barriers of RE in Egypt? 
 No government expenditure in the field of RE 
 The toughness of the Egyptian economic situation affects the economic and financial feasibilities of 
implementing RE 
 Very low scale of research and development  
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 Energy subsidies act as a main barrier. But on the other side, the situation has changed as the  country 
nowadays is cutting the energy subsidies to reveal the actual cost of energy in the market 
 
d) Why there is a lack of localizing RE technology? 
Based on what stated earlier, the Egyptian market didn’t support the field of RE enough. Therefore, there is no 
established market for the local RE technology to compete. On the contrary, the RE technology industry in other 
countries as Germany, created an incentive scheme by founding “Feed in Tariffs” which helped in creation of RE 
market and directed the industry towards RE field. As it is believed, once you create a proper incentive for RE 
based electricity, you will trigger a demand for RE technology in the market. Therefore from an economic view, 
it isn’t logic to participate in an industry while there is no existing market for it. Accordingly, in order to 
encourage local RE technology in Egypt, the first brick, which is already taking place, is to create a free energy 
market in Egypt by revealing the real cost of fossil fuels so that the renewable energy resources can compete. 
Secondly; to guarantee an incentive for service provider of electricity from RE resources as a contribution to 
green energy mix to reduce the global warming chronic problem.  
Yes, the transformation process is taking a vast period of time but this is normal when you talk about the most 
important and crucial service such as energy and water. Such transformation can’t be done over short scale of 
time, the transformation of education system from public to private sector has taken several decades to take 
place, same as telecommunications and commodities, so imagine how much time needed when you talk about a 
critical service as energy. Even the transformation process could’ve taken more time if Egypt still have had its 
own fossil fuels resources. 
Accordingly, you need to answer these two questions before taking a decision in entering the industry of RE 
technology; 
I. Is it possible for local industry to compete with the international market? Or instead, 
II. Better to concentrate on specific competitive advantage at the industry stage? Or,  
III. Better to find something else? 
Nowadays, the actual cost of fossil fuels started to be revealed while the cost of renewable energy is decreasing 
due to the international development and the increased capacity of the international RE market. Therefore, 
Egypt needs an aggressive consideration in either formulating a plan to enter RE industry or to concentrate on a 
specific stage of this industry to create a competitive advantage, so Egypt can compete both locally and 
internationally. And according to the devaluation of the Egyptian currency, it could be an advantage to 
manufacture our own technology instead of importing, but you need to study the price of different tiers of 
electricity among the society to decide which tier to target and can create a real market for local RE industry. 
e) What was the reason behind the failure of Desertec agreement in Egypt? 
The main idea of Desertec was to establish renewable energy farms in MENA countries to benefit from the 
renewable resources as Sun and Wind. Then, to transport the electricity to the European market. Therefore; 
such agreement was basically to reinforce the European RE industry and there was no clear guidelines for what 
are the actual benefits for MENA countries. Plus there was an internal European conflicts regarding the project. 
f) Does Feed-in-Tariff’s incentive encourage the market to participate in the energy mix? 
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It depends whether the incentive would remain appealing along the contract period or not without burdening 
the country with more debits. An experimental period is needed first to test the waters instead of submitting a 
long term contracts 
g) What are the recommendations of increasing RE share in Egyptian market? 
 
 It is very important for the country to give up its role as a service provider and to substitute the 
government by the private sector to generate the electricity based on renewable resources and to 
provide the service directly to the end user customer without any medium. Still, the country has to 
regulate and supervise the whole process under the supervision of NERA. 
 The policy has to create an obligatory quota of electricity to be generated from renewable resources on 
all different industries and sectors 
 
 
